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Preface 


Extreme  temperatures,  both  hot  and  cold,  can  severely  restrict  the  ability  of  aircrew  ;jid  support  persoiuiel  to  accomplish  their 
missions.  Under  emergency  conditions  of  bail-out,  ejection  and  ditching  of  fixed  or  rotary-wing  aircraft  on  land  or  in  water,  the 
survival  rate  of  aircrew  and  passengers  is  also  affected  by  the  intensity  of  thermal  stress  experienced  and  the  duration  of 
exposure  to  the  thermal  stress.  This  has  all  recently  been  borne  out  by  the  experience  of  intense  air  operations  in  the  Gulf  War. 

This  Symposium  reviewed  the  operational  conditions  experietKed  under  extreme  hot  and  cold  weather. 

The  papers  presented  at  this  Symposium  highlighted  recent  advances  in  thermal  physiology,  clothing  sciences,  personal  flying 
equipment,  and  microclimate  cooling.  Emphasis  was  placed  on  the  potential  applications  of  these  advances  in  situations  where 
thermal  stress,  or  the  expectation  of  therrrial  stress,  may  confound  the  efficient  achievement  of  mission  objectives. 


Preface 


Les  temperatures  extremes,  qu'it  s'agisse  du  chaud  ou  du  froid,  peuvent  avoir  pour  effet  de  r^uire  considerablement  les 
capacity  des  ^uipages  et  du  personnel  de  soutien  dans  I’execution  de  leurs  missions.  Dans  les  conditions  de  survie  qui  suivent 
le  saut  en  parachute,  rejection,  et  I'atterrissage  force  en  avion  ou  helicoptere,  tant  au  sol  que  dans  les  eaux  maritimes,  le  taux  de 
survie  des  ^uipages  et  des  passagers  d^nd.  dans  une  certaine  mesure,  de  I'intensite  du  stress  thermique  eprouve.  ainsi  que  de 
la  durM  de  I'exposition  a  ce  stress  thermique.  L'ensemble  de  ces  dements  a  de  confirme  rdemment  par  I'experience  des 
operations  aeriennes  intensives  de  la  guerre  du  Golfe. 

Ce  symposium  a  examine  les  methodes  operahonnelles  test^  dans  des  conditions  mdd>rologiques  d'extreme  froid  et 
d'extrdne  chaud. 

Les  communications  prdent^  lors  du  symposium  ont  mis  au  premier  plan  les  progres  rdilisd  r^mment  dans  le  domaine  de 
la  physiologie  thermique,  des  sciences  des  vetements,  de  I'djuipement  de  vol  personnalise  et  de  la  micro-climatisation.  L'accent 
a  ete  mis  sur  I’application  potentielle  de  ces  rddisations  aux  situations  ou  le  stress  thermique,  ou  la  possibilite  du  stress 
thermique,  risque  de  compromettre  I’accomplissement  des  objectifs  de  la  mission. 
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WELCOME  ADDUSS 


by 


■rigMiir  Cfiwl  WJL  Cliy 
Deputy  Surfeoo  Geacfal 
Directorate  of  Medical  Operatioas 
NDHQS  —  Betfer  Buikliiif 
100  MetcaUe  Street 
Ottawa,  ONTKl  A  0K2 
Canada 


I  «wMild  Hka  to  bagiai  by  thanUi^  your  Chainiiait,  Dr. 
Vogt  tor  Ma  lavtotlOB  to  paitid{Ma  in  thla  opening 
cewtoiiy.  Unfortunately,  due  to  conflicting 
cnmaritmawlt  Bia  Suigaon  Ganant  MCan 
Moflaaott  waa  tmaMa  to  bo  wMi  you  today  but  on  hie 
betedf,  I  am  daUgtnad  to  wekoma  you  all  to  thia 
Victoria  MaaHag  of  the  Aaraapaoe  Madlral  Band.  I 
hawa  been  fcntiiiiata  to  partidpete  in  a  limited 
numbar  of  ihaaa  panato  in  Bm  paat  and  I  have  no 
doubt  that  Bie  ACAitt)  Aaraapaoe  Hedkal  Panel 
providea  ua  all  trilk  an  outatandlng  forum  for 
(Uactitaionof  nawadvanoeBandoonoepta.  At  thla 
time  I  would  Hka  to  particularly  mekome  thoae  of  you 
attending  from  out^e  of  Canada.  We  are  fortunate 
to  be  in  a  locatian  which  I  pciaonally  conaider  to  be 
one  of  the  moat  beautiful  paita  of  the  country. 

The  praUema  of  thermal  atreaa  and  atrain  for  the  air 
peraon  have  been  around  aiitce  the  beginning  of 
flight.  Arouitd  3S00  BC,  Grerit  Mythology  tdia  via  that 
Daedalua  built  winga  of  feathers  for  himself  and 
Icarus,  his  ton.  Thw  wings  were  secured  with  thread 
and  foatened  on  by  wax.  Daedalus  ordered  Icarus  to 
fly  dose  to  him,  neither  too  high,  nor  too  low.  But, 
Icarus  was  a  poor  wingman  and  didn't  listen  to  his 
leader.  Aadnaled  «rith  the  thrill  of  flight,  he  soared 
close  to  the  sun.  The  heat  melted  the  wax,  his  wings 
collapsed  and  he  fril  into  the  sea  and  tvas  drowned. 
This  is  likely  to  be  the  first  aoootmt  of  an  airman  who 
drowned  from  ditching  resulting  from  exposure  to 
extremely  hot  conditions.  We  have  to  travel  much 
further  ahead  in  history  to  find  the  first  account  of  an 
airman  exposed  to  extremely  cold  conditions.  This 
waa  J.A.C.  Charles  who  made  the  first  ascent  in  a 
hydrogen  balloon  from  the  Tuileries  Gardero  in 
Paris  on  December  1st,  1783.  His  second  trip  that 
sanw  day  waa  a  rapid  ascent  to  2,750  metres  when  he 
complained  of  severe  cold  and  difficulty  in  dearing 
his  ears. 

During  the  First  World  War,  there  was  considerable 
personal  improvisation;  airmen  on  both  sides  copied 
the  dothing  worn  by  rttotoriats  and  ntotorcydists.  By 
1916,  H  waa  a  rtormal  operation  to  fly  at  20fl00  ft  in  an 
open  cockpit.  Knee-lmgth  leather  coats  and  thigh- 
length  *fug  boots’ were  particularly  popular  with 
officers  in  the  Royal  Flying  Corps  arid  the  Royal 
Naval  Air  Service.  Vasriine  or  Lanolin  was  often 
srtMaied  on  the  fsce  in  a  vain  attempt  to  prevent 
frostbite;  in  the  severe  cold  it  simply  froze  to  a  solid 


state  and  made  matters  tvorae.  Sidney  Cotton 
accidentally  found  out  that  hk  dirty  overalls,  cowered 
trite  airerafr  oil  attd  grease  were  warmer  than  a  dean 
flyir^  suk.  So,  his  frunous  weathcr-psoofed  Sidcot 
suit  came  into  being.  It  was  to  see  Service  into  the 
194(7s.  Both  sides  used  efoctrically-heawd  suits  in 
their  ^tempts  to  combat  the  cold.  Hotvever,  they 
were  not  tee  complete  solution.  A  wittdmiU  gener¬ 
ator  provided  power  for  the  heating  elamentt,  but 
control  on  the  current  was  prxir,  so  that  when  an 
aircraft  dived,  overgeneration  of  electricity  produced 
severe  finger  bums.  Good  clothing  irreulation  waa 
required  and  the  problem,  then  as  now,  is  a 
compromise  bettveen  the  rteed  to  protect  against  cold 
while  stin  rctainirtg  ntobilhy.  By  1919,  U5.  Navy  crews 
fl}rit^  the  Curtiss  flyirtg  boats  trartsatlamic  %vate  heavy 
*Dreadnaught  safety  suits'  made  of  rubberized 
fribric  artd  filled  with  kapok.  They  suffered  from  just 
the  problem  1  mentioned.  These  suits  were  heavy, 
bulky  aiMl  trot  that  comfortable  to  wear. 

Admiral  Byrd  made  the  first  flight  over  the  North  Pole 
in  1926,  protected  by  an  eskimo  parka  made  of 
reindeer  skin  which  was  warm  in  temperatures  down 
-60^.  Any  effort  to  improve  thermal  protection  for 
aviators  had  been  centered  around  protection  from 
the  cold.  Those  aircrew  that  served  in  the  Middle  East 
and  India  between  the  Wars  came  to  realise  this. 

One  Wing  Commander  recalls:  'What  I  remember 
is  tee  pitileaa  sun,  burning ,  burning  down  with  an 
intcrierable  stare'.  He  flew  in  an  open-neck  shirt  and 
a  handkerchief  around  his  neck  to  protect  it  from  the 
sun. 

Although  open  cockpits  had  virtually  disappeared  by 
the  outbreak  of  the  Second  World  War,  perform¬ 
ance,  however,  had  improved  to  such  an  extent  that 
40  -  50,000  ft  was  quite  achievable.  In  the  first  half  of 
the  war,  engine  heaters  did  not  develop  as  quickly. 

Self-improvisation  was  still  evident  on  the  Allies  side; 
one  RAF  officer  was  reported  to  fly  with  Indian  moose 
hide  moccasins  and  up  to  five  pairs  of  loose  stockings 
just  to  keep  his  feet  warm.  Some  of  the  stories, 
especially  for  bomber  crew ,  sound  incredible  to  us 
today.  I  quote:  "Such  was  the  condition  of  the 
navi^tor  and  wireless  c^xnator  at  this  stage,  that 
every  few  minutes  they  were  compelled  to  lie  down 
and  rest  on  the  floor  of  the  fuselage.  The  cockpit 
heating  system  was  useless.  Everyone  was  fro^  and 
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hadnoiMMisofaUevuitiiigtheirclisticM.  The 
navigator  and  Commanding  Officer  wn«  butting 
their  heads  on  the  floor  and  navigation  table  in  an 
endeavor  to  experience  some  other  form  of  pain  as  a 
relief  from  the  awful  feeling  of  frostbite  and  lack  of 
oxygen.’. 

The  Irvin  and  Taylor  Suit  in  the  U.K.  and  the 
Shearling  suit  in  the  U.S. A.  were  to  help  the  aircrew 
especially  when  rdiable  dectrically-heated  vests  and 
gloves  could  be  attacked.  By  December  1941,  the 
RAF  had  issued  1000  electrically-heated  suits  to  tail 
turret  gunners. 

German  aviation  medicine  was  for  more  advanced 
than  that  of  the  Allies.  At  the  outbreak  of  the  war,  the 
Luftwafle  already  had  a  series  of  excellent  flying 
clothing  outfits  inservioe  that  suited  all  their  needs 
including  electrically  heated  gloves  and  socks. 

Good  cabin  heating  remained  the  beat  solution  and 
this  came  in  the  last  two  years  of  the  War. 

So  for,  I  have  only  alluded  to  the  probfems  of  heat  as 
that  experienced  by  aircrew  in  the  Middle  East  and 
India  between  the  Wars.  During  the  Second  War, 
both  German  and  Allied  pilots  fl^  under  extremely 
hot  and  dusty  conditions  in  the  Western  Desert;  %vith 
minimum  water  rations  in  their  survival  pack,  the 
survival  rate  was  even  worse  if  one  tvas  shot  down  over 
the  Mediterranean.  The  Royal  Naval  Air  Service 
found  one  big  advantage  of  the  Frank  anti-G  suit.  It 
contained  one  gallon  of  fresh  «vater  in  its  bladder  that 
could  supplement  the  meagre  survival  rations. 

in  1946,  the  Talbot  Committee  discovered  that  in 
World  War  II,  that  the  Royal  Navy  lost  one-third  of 
their  officers  and  men  in  action  and  two-thirds  in  the 
survival  phase,  over  30  -  40/100  officers  and  men  of  the 
Royal  Navy,  many  of  them  naval  aviators,  died  of  a 
combination  of  drowning  and  hypothermia. 

As  a  result  in  the  1960's  the  Royal  Navy  introduced 
the  quick  d<m  ’once  only  suit’  which  certainly  paid  its 
way  during  ship  abandonment  in  the  icy  So«^ 
Atlantic  Ocean  in  the  Falkland's  War.  Of  the  Royal 
Navy  deaths,  65  were  killed  in  action  and  only  12 
occurred  between  ship  abandonment  and  rescue,  a 
complete  reversal  of  the  World  War  II  figures.  On 
the  Argentinean  side,  of  the  770  who  abandoned  the 
General  Bdgrano,  25  died  principally  due  to 
exposure.  In  much  worse  sea  conditioiu  and 
extended  rescue  times,  the  issue  of  a  ’once  only  suit’ 
would  have  improved  their  survival  rate.  InFAruary 
of  this  year,  the  saving  of  11  fishermen's  lives  from 
the  Scallop  dragger  Cape  Aspy,  in  4*C  water  off  Nova 


Scotia  was  attributed  to  them  wearing  the  ship 
ahartdoiunent  suits  that  are  now  beii^  ntanufoctured 
to  ow  new  Canadian  Standards. 

Widi  the  advent  of  full  pressure  sints  and  impervious 
NBC  equipment,  conditioiis  have  worsened  for 
aircrew  operating  in  the  heat.  Liquid  or  air-conditioned 
clothing  is  the  part-answer  to  this  proUem  -  the  moat 
niccessful  so  fw  being  the  Uquid-condiiionad  system 
introduced  by  NASA  into  the  Apollo  qmce  suit.  On 
the  milkary  side.  In  the  1960*^  TVs  and  80*,  fuitdlng 
for  thedevefopmcsk  of  such  systesiu  has  always  been 
sUm.  Any  no<M  ideas  that  have  bean  generated  have 
never  really  been  accepted  by  the  deaigners  and 
manufocturers  of  aircr^.  The  principal  stumUing 
block  has  been  that  the  equipment  takca  up  a 
valuaMe  place  in  the  cock^  is  too  bulky  or  heavy, 
conautcMS  too  muck  dectrical  potwer,  is  simply  too 
expensive^  or,  for  more  shortsightedly,  the  operators 
have  not  been  convinced  that  there  was  any  need  for 
it  in  the  first  place.  They  were  to  change  th^  tunes  in 
a  hurry  when  the  Gulf  War  crisis  eruptad.  In  outside 
air  temperatures  of  45*C  runway  repair  crew  could 
only  w^  for  20-30  minutes  at  a  time,  but  you  will 
hear  more  of  this  in  )mur  symposium.  I  am  sure  I 
don't  need  to  remind  you  that  trigger  spots  such  as 
the  countries  vdiich  Ifo  arouitd  the  Northern  borders 
of  Africa  adjacent  to  the  Sahara  Desert  may  require 
our  presence  in  the  next  25  years.  Mauritania, 

Western  Sahara,  Morocco,  Algeria,  Tunisia,  and 
Libya  receive  up  to  4000  hours  of  annual  direct  sleep 
angle  sunlight  (by  comparison  Paris  gets  1700  hours). 
Azizia  in  Libya  holds  the  record  temperatures  of  58*C, 
while  in  the  winter  air  temperatures  can  drop  to 
freezing  St  ni^  and  rise  to  32*C  by  noon.  So  we  have 
a  long  tray  to  go  to  ameliorate  the  heat  strain 
impo^  on  our  aircrew  and  maintainers  in  the 
extreme  heat. 

Ladies  and  gentlemen,  I  have  very  briefly  high  - 
lighted  a  few  of  the  problems  of  the  air  operation 
under  extreme  temperatures.  The  problems  have 
not  changed  since  the  time  of  Icarus  aitd  we  do  not  by 
any  means  have  all  the  solutions.  It  is  many  years 
since  the  aeromedical  community  of  NATO  had  a 
symposium  on  applied  thermal  physiology  and 
certainly  this  one  promises  to  be  both  stimulating 
and  interesting,  llie  topics  range  from  pure  thermal 
phyricrfogy  to  applied  protective  clothing  design  and 
from  new  technology  in  personal  cooling  systems  to 
the  treatment  of  hy^hermia.  1  am  particularly 
pleased  to  see  presentations  from  eight  different 
NATO  nations. 

With  these  few  words,  I  am  delighted  to  open  this 
75th  Panel  hfaeting  and  to  wish  you  all  success  in 
]mur  ddiberations. 


♦; 


♦ 
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TECHNICAL  EVALUATION  REPORT 


by 

Ira  Jacobs 

Environmental  Physiology  Section 
Defence  &  Civil  Institute  of  Environmental  Medicine 
North  York,  Ontario.  CANADA 

1 .  INTRODUCTION  first  hand  experience  of  coping  with  the  threat  of 

hypothermia.  Experience  in  coping  with  the 
The  Aerospace  Medical  Panel  other  temperature  extreme  was  garnered  from  an 

Symposium  on  "The  Support  of  Air  Operations  American  army  flight  surgeon  who  experienced 

under  Extreme  Hot  and  Cold  Weather  action  in  support  of  medical  operations  during 

Conditions"  was  held  at  Canadian  Forces  Base  tlie  Gulf  War  and  who  was  ultimately  shot  down 

Esquimalt,  British  Columbia.  Canada  from  May  and  taken  as  a  prisoner  of  war.  The  range  of 

17  to  May  20,  1993.  expertise  participating  in  the  symposium  was 

reOected  by  presentations  in  the  following  fields: 

2.  THEME  operational  medicine,  pathology,  nutrition, 

energy  metabolism,  biophysics,  life  support 
Extreme  temperatures,  both  hot  and  cold,  equipment  development,  applied  physiology, 

can  severely  restrict  the  ability  of  aircrew  and  clothing  sciences,  biophysics,  mathematical 

support  personnel  to  accomplish  their  missions.  modeling,  performance  assessment,  and 

Under  emergency  conditions  of  bail-out,  ejection  simulation  and  training.  Participants  included 

and  ditching  of  Hxed  or  rotary-wing  aircraft  on  scientists,  engineers,  medical  practitioners,  and 

land  or  in  water,  the  survival  rate  of  aircrew  and  trainers  from  military  services,  government  and 

passengers  is  also  affected  by  the  intensity  of  private  laboratories,  universities,  and  industry, 

thermal  stress  experienced  and  the  duration  of  There  were  over  140  registered  attendees, 

exposure  to  the  thermal  stress.  This  has  all  representatives  from  ail  NATO  countries  except 

recently  been  borne  out  by  the  experience  of  Iceland,  and  guests  from  Australia  and  Sweden, 
intense  air  operations  in  the  Gulf  War.  This 

symposium  reviewed  the  operational  conditions  4 .  SYMPOSIUM  PROGRAM 
experienced  under  extreme  hot  and  cold  weather. 

The  papers  presented  at  this  symposium  The  emphasis  of  the  sym^sium  was  on 

highlighted  recent  advances  in  thermal  physiological  and  medical  implications  of  air 

physiology,  clothing  sciences,  personal  flying  operations  in  hot  and  cold  environments,  and 

equipment,  and  microclimate  cooling.  Emphasis  means  of  alleviating  temperature  stress  and 

was  placed  on  the  potential  applications  of  these  strain,  the  objective  being  to  minimize 

advances  in  situations  where  thermal  stress,  or  performance  impairments  that  might  otherwise 

the  expectation  of  thermal  stress,  may  confound  accrue, 

efficient  achievement  of  mission  objectives. 

The  symposium  consisted  of  six 

3.  PURPOSE  AND  SCOPE  sessions:  three  sessions  on  cold  stress,  two 

sessions  on  heat  stress,  and  one  session  on 
The  purpose  of  this  symposium  was  to  clothing  and  equipment  developments  for 

address  the  potential  to  enhance  human  aircrew  protection  from  temperature  stress, 

performance  in  hot  and  cold  temperature 

extremes  by  rediKing  the  extent  of  physiological  5 .  TECHNICAL  EV  ALU  ATION 
and  perfmnance  impairments,  and  by  furthering 

an  understanding  of  those  factors  influencing  The  ne^  for  this  symposium  was  clearly 

survival  during  heat  or  cold  stress.  Keynote  stated  in  opening  remarks  by  both  the  Deputy 

speakers  included  a  Canadian  airforce  m^ical  Surgeon  General  of  the  Canadian  Forces, 

officer  who  survived  a  winter  aircraft  crash  and  Brigadier  General  W.A.  CLAY,  and  by  the 

subsequent  blizzard  conditions  while  awaiting  Programme  Chairman,  Captain  (N)  C.J. 

rescue  in  the  Canadian  Arctic,  someone  with  BROOKS  (CA).  They  remind^  the  participants 

that  at  least  a  decade  had  passed  since  the  last 
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major  scientific  gatherings  in  which  the  human 
performance  implications  of  thermal  stress  in  a 
military  setting  were  discussed.  Such  symposia 
provide  the  knowledge  that  is  used  to  train 
military  physicians,  medical  support  personnel, 
and  aircrew  about  the  principals  of  protecdon 
and  survival  in  thermally  stressful  environments. 
These  opening  comments  reminded  the 
participants  that  projections  about  the 
geographical  locations  of  likely  "trigger  spots"  in 
the  world  have  tightly  associated  thermal 
implications.  Such  projections,  coupled  with  the 
recent  conflagrations  in  the  Persian  Gulf,  left  no 
doubt  about  the  relevance  and  immediacy  of  the 
need  to  be  aware  of  recent  research  and 
development  activities  in  the  areas  discussed  at 
this  symposium. 

COLD 

The  first  keynote  address  (DEG  ROOT, 
CA)  was  a  first-hand  account  of  the  personal 
experience  of  a  Canadian  Forces  medicd  officer 
who  was  a  passenger  on  a  Cl 30  aircraft  that 
crashed  in  October  1991  north  of  the  magnetic 
North  Pole.  Weather  complicated  rescue 
attempts  until  32  h  after  the  crash.  During  this 
time  the  survivors  had  to  deal  with  temperatures 
ranging  from  -20  to  -60°C  considering  the  wind- 
chill  factor.  This  presentation  was  noteworthy 
because  it  served  to  demonstrate  the  degree  of 
inaccuracy,  and  relatively  conservative  nature  of 
established  "survival  times"  at  various 
tempierature  extremes;  contrasting  with  a  high 
hypothermia-induced  fatality  rate  that  would  be 
predicted  given  the  environmental  conditions, 
only  one  casualty  was  directly  attributed  to 
hypothermia. 

A  paper  on  the  prediction  of  survival 
times  in  a  cold  climate  (MAIDMENT,  UK)  aptly 
demonstrated  the  great  inter-individual  variation 
that  must  be  considered  when  attempting  to 
forecast  the  ability  to  survive  from  such  a 
disaster.  This  paper  also  emphasized  that  the 
empirical  data  from  controlled  human 
experiments  about  responses  to  cold  stress  are 
collected  before  severe  hypothermia  ensues. 
Thus,  survival  time  models  should  be 
considered  as  being  biased  because  the  kinetics 
of  physiological  variables  are  assumed  to  follow 
a  similar  pattern  with  the  intensity  and  duration 
of  cold  stress  which  scientists  cannot  ethically 
induce  in  a  laboratory  experiment. 

The  use  of  mathematical  modeling  for 


predicting  the  effects  of  thermal  stress  is  not 
limited  to  predicting  survival  times.  DAANEN 
(NE)  reported  research  findings  confirming  that 
when  finger  temperature  drops  below  15°C  then 
dexterity  begins  to  suffer  markedly.  Such 
information  h^  been  used  to  develop  a  computer 
program  used  by  the  Royal  Dutch 
Meteorological  Society  to  predict  exposure  times 
until  loss  of  dexterity  to  a  pre-specified  limit. 

The  relevance  of  hypothermia-related 
research  and  development  activities  by  the 
military  was  further  supported  by  KRAEMER's 
(GE)  review  of  microscopic  and  macroscopic 
post-mortem  findings  for  deaths  after  aircraft 
ejection  over  water,  he  concluded  that  death  is 
more  frequently  caused  by  hypothermia  than 
drowning  or  by  blunt  trauma  in  personnel  who 
ditch  in  water.  Along  a  similar  vein,  the  incident 
report  by  MAYR  (GE)  was  the  case  of  aircrew 
who  ejected  from  two  aircraft  that  crashed  over 
water;  the  crews  ditched  into  11°C  water  and 
rescue  occurred  1.5-2.25  h  after  the  crash.  Four 
of  the  five  crew  members  survived,  while  the 
lone  fatality  was  attributed  to  hypothermia. 

BOHEMIER  (CA)  discussed  a 
confounding  factor  when  dealing  with 
immersion  hypothermia.  There  is  a  high 
frequency  of  hypothermia  immersion  victims 
found  with  evidence  that  seasickness  may  have 
been  a  significant  contributory  factor  to  death. 
His  report  that  35-40%  of  survival  training 
students  become  totally  incapacitated  due  to  the 
combination  of  seasickness  and  cold  water 
immersion  stimulated  several  other  anecdotal 
reports  about  the  significance  of  the  problem  of 
seasickness.  There  was  some  discussion 
whether  it  would  be  preferable  to  simply  teach 
people  to  adapt  and  become  accustomed  tu  the 
feelings  of  seasickness,  or  whether  a 
pharmacological  aid  would  be  preferable.  The 
consensus  was  that  the  latter  was  the  preferred 
strategy  for  the  military  because  adaptation 
requires  repeated  and  frequent  exposures  to  the 
stimulus.  BOHEMIER  pleaded  for  more 
research  into  new  effective  and  rapidly  acting 
medication. 

Reports  of  field  operations  in  cold 
environments  were  the  focus  of  other 
presentations.  The  paper  by  GAUTVIK  (NO) 
was  an  intriping  first-hand  account  of  his 
participation  in  a  1 ,400  km  unsupported  trek  to 
the  North  Pole;  it  demonstrates  that  such  a  trek 
at  an  average  temperature  of  -30°C  for  100  days 
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can  be  "enjoyed”  given  the  availability  of 
appropriate  life  support  equipment,  food  and 
clothing. 

COLESHAW  (UK)  discussed  research 
showing  that  even  mild  hypothermia  causes  very 
significant  impairments  of  cognitive  functions 
such  as  errors  in  judgment,  mathematical 
reasoning,  etc.  Thus,  the  importance  of 
avoiding  such  thermal  stress  becomes  all  the 
more  important  for  even  routine  military 
activities,  such  as  those  reviewed  by  STEELE- 
PERKINS  (UK)  and  COLESHAW  (UK), 
exemplified  by  the  medical  and  transportation 
support  of  the  British  Antarctic  Survey. 

Contrasting  with  the  usual  dogma  of 
dealing  with  cold  stress  by  protecting  the  soldier 
from  die  stress,  in  the  second  session  several 
papers  discussed  the  potential  to  influence  the 
rate  of  heat  production  by  humans.  JACOBS 
(CA)  described  research  that  documented  the 
quality  and  quantity  of  macronutrients  used  by 
shivering  muscles  to  produce  heat.  His 
presentation  and  that  by  MEKJAVIC  (CA) 
suggested  that  depleted  carbohydrate  stores, 
both  within  the  shivering  muscles  and  in  the 
bloodstream,  can  have  a  profound  effect  on 
cold-induced  increases  in  heat  production  by  the 
body  and,  thus,  the  rate  of  onset  of 
hypothermia.  VALLERAND  (CA)  reviewed 
attempts  to  pharmacologically  enhance  metabolic 
heat  production  and  thus  acutely  increase 
resistance  to  cold  stress;  in  this  presentation  it 
was  emphasized  that  most  animil  models  are 
poor  physiological  substitutes  for  human 
subjects,  thus  extreme  care  must  be  taken  when 
considering  the  potential  applicadons  of  animal 
research  to  humans.  VALL£RAND  showed  that 
pharmacological  treatments  can  increase  the 
metabolic  response,  and  thus  heat  production, 
during  cold  stress.  As  described  above, 
however,  there  are  not  sufficient  empirical  data 
to  decide  whether  such  treatments  would  have  a 
practical  application  in  the  form  of  a  prophylaxis 
against  hypothermia. 

Several  subsequent  presentations 
addressed  hypothermia  and  its  treatment. 
GDES  BRECHT  (CA)  presented  recent  research 
findings  that  should  be  passed  on  immediately  to 
all  survival  training  personnel.  His  research 
questions  the  efficacy  of  body-to-body 
rewarming,  and  suggests  that  body-to-body 
rewarming  is  not  warranted  for  mildly 
hypothermic,  vigorously  shivering  individuals. 


and  may  even  be  counter-productive.  The 
studies  presented  by  CAHILL  (UK),  ROMET 
(CA),  and  POZOS  (US)  descrite  and  compare 
the  efticacy  and  safety  of  various  methods  of 
rewarming  of  hypothermia  victims.  It  appears 
difficult  to  pinpoint  one  single  method  of 
re  warming  as  being  optimum  for  r  warming  in 
the  field.  These  papers  emphasize  the  necessity 
for  education  and  training  to  increase  awareness 
about  the  advantages  and  disadvantages  of 
various  rewarming  methods.  After  significant 
discussion,  in  particular  between  CAHlf.!.  (UK) 
and  VANGGAARD  (DE),  there  was  a 
noteworthy  consensus  expressed  at  this  meeting, 
i.e.,  that  the  practice  of  leaving  arms  and  legs 
out  of  warm  water  while  rewarming  serves  no 
useful  purpose  and  should  be  abandoned. 

HEAT 

The  papers  addressing  heat  stress  were 
preceded  by  a  keynote  address  (CORNUM,  R., 
US),  relating  fust-hand  experience  with  this 
thermal  stress  during  the  Gulf  War.  This  flight 
surgeon  related  how  the  Army  attack  helicopter 
battalion  to  which  she  was  attached,  experienced 
temperatures  as  high  as  58°C  in  an  operational 
setting.  Although  there  apparently  were  no  heat 
casualties,  there  were  incidents  of  dehydration 
and  suspected  dehydration  that  were  treated 
immediately  with  aggressive  use  of  intravenous 
infusions.  In  this  presentation  it  was  also 
emphasized  that  there  was  little  information 
available  to  the  practitioner  in  the  field  about  the 
stability  of  drugs  at  such  temperatures.  It  was 
recommended  that  labeling  should  include  such 
information. 

A  review  by  NUNNELEY  succinctly 
stated  the  combination  of  factors  that  cause  heat 
stress  for  aircrew:  workload,  clothing,  and 
environment.  Despite  this  knowledge  being 
available,  the  lack  of  communication  between 
scientists  and  the  military  end-user  was  pointed 
out  by  MACMILLAN  (UK);  his  review  of  the 
British  experience  during  the  Gulf  War,  the 
implications  of  heat  stress  for  aircrew  coping 
with  the  threat  of  operations  in  an  NBC 
environment,  and  the  lack  of  adequate 
preparation,  was  summarized  as  follows: 
"...trained  for  Europe,  dressed  for  the  jungle, 
and  sent  to  the  desert." 

The  Desert  Shield  experiences  of  another 
medical  officer  (CORNUM,  C.,  US)  attached  to 
an  airforce  group  of  35  pilots  and  600  support 
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personnel  emphasized  the  importance  of  water 
availability  at  a  multitude  of  sites.  Also  ^und 
personnel  worked  in  two  twelve-hour  shifts  so 
that  there  was  equal  exposure  time  to  the  most 
intense  periods  of  sunlight  for  each  shift.  The 
effect  of  aging  on  the  efficiency  of  body 
temperature  regulation  was  discussed  because 
older  reserve  personnel  presented  different 
problems  than  did  regular  duty  personnel. 

Applied  nutrition  was  the  focus  of  a  few 
papers  by  JONES  (US),  MEYER  (US),  and 
GARCIA  ALCON  (SP).  Although  it  seems 
intuitively  logical  that  enforced  dnnking  will 
improve  hydration  status,  a  study  was  reported 
by  GARCIA  ALCON  (SP)  to  confirm  this 
aspect  using  a  practical  and  culture-specific 
approach  to  the  phenomenon  of  voluntary 
dehydration.  Pilots  and  mechanics  in  the 
Spanish  Air  Force  were  divided  into  two 
groups.  One  group  drank  ad  libitum  while  the 
other  group  was  forced  to  consume  an  additional 
SOO  of  Gespacho  soup  in  addition  to  their 
normal  voluntary  food/fluid  intake.  After  two 
weeks  of  treatment  while  working  in  a  hot 
environment,  the  Gespacho-treated  group  had 
significandy  better  fluid  balance.  The  reader  is 
referred  to  the  paper  for  the  detailed  Gespacho 
recipe;  I  tried  the  recipe  and  found  it  to  be  the 
best-tasting  Gespacho  I  have  tried  in  my  vast 
culinary  experience. 

KOBRICK  (US)  presented  an 
empirically  based  questionnaire,  covering  a  wide 
range  of  environmental  factors  (e.g.,  symptoms, 
sleep,  dehydration,  nutrition,  sickness,  physical 
exertion,  thermal  stress,  etc.),  which  can  be 
used  to  evaluate  the  degree  of  thermal  distress  in 
the  field,  and  the  extent  of  stress  alleviation 
afforded  by  experimental  manipulations  or 
hardware  solutions. 

NEW  FABRICS.  CLOTHING  AND 

EQUIPMEMT 

The  objective  of  textile/clothing  research 
for  the  military  is  frequently  to  provide 
protection  and  comfort  simultaneously. 
SLATER  (CA)  elucidated  the  problem  inherent 
with  such  an  objective  because  these  two  factors 
are  frequendy  incompatible  when  it  comes  to  the 
desired  textile  characteristics  required  to  achieve 
the  objective.  This  was  exemplified  in  the  report 
by  SOWOOD  (UK);  the  development  of  a  new 
extended  coverage  anti-G  suit,  for  example, 
greatiy  increased  G-tolerance,  but  increased  the 


degree  of  thermal  discomfort.  Several  other 
papers  demonstrated,  however,  that  there  have 
been  significant  recent  advances  by  the 
commercial  sector  that  reduce  the  discomfort 
level  and  still  maintain  protection:  e.g., 
fabrication  of  buoyant  fire  protective  clothing 
ensemble  (UGLENE,  CA),  CBW  protection 
(ALLEN.  US),  variable  thermal  insulation  and 
buoyancy  suits  facilitating  egress  fixxn  a  downed 
aircraft  (BRAMHAM,  UK). 

Microclimate  cooling  was  a  popular  topic 
(BROWNE.  CA;  PONGRATZ,  GE;  FRIM, 
CA;  THORNTON.  US;  LEJEUNE,  FR). 
There  is  no  doubt  about  the  effectiveness  of  such 
cooling,  as  exemplified  by  Canada's  experience 
during  the  Gulf  War.  FRIM  (CA)  reported  how 
such  cooling  of  helicopter  pilots  obviated  the 
thermal  stress  limitation  to  maximal  exploitation 
of  the  aircraft  operational  capacity  during  the 
war.  There  was  a  consensus  that  such  cooling 
was  definitely  beneficial  but  that  it  must  be  an 
integral  component  of  routine  life  support 
equipment  worn  by  the  pilot  on  a  regular  basis, 
and  not  an  "add-on. " 

TIPTON  (UK)  presented  an  example  of 
creative,  yet  simple,  equipment  development 
with  direct  military  applications.  An  emergency 
kit  can  be  used  to  re-breathe  expired  air,  more 
than  doubling  breath  holding  time;  such  kit 
would  greatly  facilitate  escape  pro^  dures  from 
ditched  helicopters,  for  example,  by  reducing  the 
element  of  panic  associated  with  the  requirement 
for  a  rapid  egress. 

6.  CONCLUSIONS 

6. 1  Technological,  physiological  and  medical 
advances  during  the  last  decade  have  yielded 
significant  new  knowledge  that,  if  appropriately 
communicated  to  the  "end-user”,  can  enable 
military  operations  to  be  conducted  by  humans 
in  most  thermally  stressful  geographical 
locations  on  our  planet. 

6.2  Survival  training  is  effective  in  reducing 
the  casualty  rate  due  to  thermal  stress,  if  such 
training  is  based  on  valid  scientific  findings. 
The  efficacy  of  such  training  is  dependent  on 
new  knowledge  being  regularly  reviewed  and 
incorporated  into  training  curricula. 

6.3  Mathematical  models  of  human  survival 
times  during  thermal  stress  are  useful,  but  must 
be  viewed  with  caution  since  the  empirical  data 


on  which  such  models  are  based  do  not  include 
experimental  conditions  that  mimic  the  degree  of 
stress  that  can  lead  to  casualties. 

6.4  Seasickness  may  be  a  contributory  factor 
to  death  after  ditching  in  cold  water. 

6.5  Body-to-body  rewarming  is  not 
warranted  for  mildly  hypothermic,  and 
vigorously  shivering  individuals. 

6.6  During  rewarming  of  hypothermia 
victims,  the  practice  of  leaving  arms  and  legs  out 
of  warm  water  baths  serves  no  useful  purpose 
and  should  be  disbanded. 

6.7  Micro-climate  personal  cooling  is  an 
effective  method  of  reducing  the  degree  of  heat 
stress  that  may  otherwise  be  experienced  by 
aircrew.  Such  cooling  equipment  should  be  an 
integral  component  of  standard  life  support 
equipment  worn  by  pilots  on  a  regular  basis. 

7 .  RECOMMENDATIONS 

7.1  The  human  factor  is  frequently  the 
limidng  factor  to  the  effective  and  efficient 
employment  by  the  military  of  technological 
advances  in  thermally  stressful  environments. 
The  content  of  the  symposium  made  it  readily 
apparent  that  research  and  development  effons 
of  both  more  fundamental  and  applied  natures 
can  result  in  extending  the  limits  of  thermal 
strain  tolerated  by  humans  during  military 
operations.  Such  efforts  need  to  be  continued  to 
keep  pace  with  rapid  military  hardware/systems 
developments  to  ensure  an  effective  integration 
of  the  human  with  the  system  that  he/she  is  to 
operate. 

7.2  The  broad  range  of  subject  matter 
covered  at  this  symposium  limited  the  extent  of 
participation  in  discussions  by  participants 
because  of  the  degree  of  specialization  required 
to  be  a  knowledgeable  discussant.  It  is 
recommended  that  future  symposia  on  the  topic 
of  thermal  stress  of  humans  should  involve 
meetings  devoted  to  a  single  subject  area,  such 
as:  clinical/medical  implications,  or  nutriticm,  or 
behavioral  aspects. 
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8  Wii^  Medical  Squadroa 
Canadian  Forces  Baae  Ttemon 
Ana.  Ontario  KOKIBO 
Canada 


On  October  30,  1991  I  was 
a  passenger  on  a  Cl 30  Hercules 
transport  aircraft  enroute  via 
Thule,  Greenland  to  Canadian 
Forces  Station  (CFS)  Alert  in 
the  Northwest  Territories  of 
Canada.  CFS  Alert,  is  on  the 
north  west  side  of  Ellesmere 
Island  above  the  80th  parallel, 
north  of  the  Magnetic  North 
Pole  and  south  of  the  Permanent 
Polar  Ice  Pack.  I  am  a  general 
duty  medical  officer  at 
Canadian  Forces  Base  Trenton, 
the  medical  support  base  for 
Alert.  Alert  is  staffed  by  two 
military  physician  assistants 
(P.A.)  who  are  trained  to  work 
independently  in  isolated 
locations.  CFB  Trenton 
provides  a  medical  officer  to 
relieve  the  P.A.  's  for  one  week 
during  their  six  month  tour. 
This  was  my  first  operational 
tasking  as  a  Medical  Officer  in 
the  Canadian  Military. 

On  the  second  leg  of  the 
journey,  we  departed  Thule  on  a 
second  plane,  with  a  new  crew 
and  a  full  cargo  of  arctic 
diesel  fuel.  Combining 
passengers  with  a  cargo  of  fuel 
normally  is  considered  unsafe. 
However,  diesel  is  not 
explosive  and  doesn’t  burn 
easily  at  low  temperatures. 
After  one  and  a  half  hours  of 
flight  we  were  informed  that  we 
would  land  shortly.  Not  long 
after,  all  the  passengers 
having  fastened  their 
seatbelts,  the  plane  began 
sliding  along  the  ground.  Me 
did  not  know  at  that  time  that 
we  were  twenty  kilometres  short 
of  the  runway  at  Alert.  A  deep 
ravine  and  a  not-yet-frozen 
river  separated  us  from  safety. 
The  plane  crashed  on  a  plateau 


with  debris  scattered  over  2  km 
along  the  crash  line.  The 
B.L.T. (Emergency  Location 
Transmitter)  was  activated  1-1/2 
km  away  from  the  survivors.  The 
plane  was  completely  broken  up 
except  for  the  rearward  section 
of  the  tail.  Fires  started  on 
the  engines  after  impact  and  the 
cockpit  burned  in  minutes  after 
the  aircrew  escaped  with  minor 
injuries.  Of  the  thirteen 
passengers  and  five  aircrew 
aboard  the  flight,  one  passenger 
was  killed  on  impact.  Two 
passengers  and  the  loadmaster 
died  within  the  hour.  The  only 
other  fatality,  the  aircraft 
commander,  occurred  24  hours 
later  as  a  result  of 
hypothermia.  The  surviving 
passengers  were  thrown  more  or 
less  clear  of  the  plane  as  it 
broke  up.  I  remained  strapped 
to  the  bench  with  five  others, 
but  clear  of  any  other  debris. 
Fourteen  people  were  now  faced 
with  survival  until  rescue  (32 
hours  later)  in  -22c  temperature 
and  blizzard  conditions . 

The  gist  of  my  discussion 
will  focus  on  the  "Survival 
Pattern”,  taught  at  the  Canadian 
Forces  Survival  Training  School. 
In  order  of  priority  first  aid, 
fire,  shelter,  signals,  food  and 
water  form  the  basis  of  a 
survival  pattern.  Thereafter,  I 
will  discuss  some  psychological 
aspects. 

Administering  first  aid 
with  no  equipment  is  difficult. 
None  of  the  first  aid  kits  on 
the  aircraft  were  found.  The 
principle  of  the  'golden  hour' 
became  evident  in  the  timing  of 
the  fatalities,  3  died  not 
immediately  but  within  the  first 
hour.  The  use  of  CPR  in  this 
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traumatic,  isolated  situation 
had  to  be  discouraged  to 
prevent  fatigue  which  would 
compromise  the  survivors.  Of 
the  survivors,  lacerations, 
including  scalp,  were  frequent 
but  caused  minor  blood  loss 
because  of  rapid  coagulation. 
I  am  not  sure  whether  the  cold 
temperature  freezes  blood  or 
clots  it  but  I  saw  very  few 
bleeding  wounds.  One  survivor 
suffered  burns  to  his  face 
severe  enough  to  obstruct 
vision  with  the  swelling,  but 
fortunately  had  no  airway 
obstruction.  Aside  from  the 
initial  smothering  of  the 
flames,  no  treatment  was  given. 
This  survivor  had 
haemoglobinuria  at  rescue,  but 
no  permanent  kidney  damage. 
Orthopaedic  injuries  were 
common  and  made  movement 
difficult .  The  arctic 
clothing,  bunny  pants  and 
mukluks ,  provided  some 
splinting.  The  crash  was  well 
above  the  tree  line  so  no 
light-weight  material  was 
available  for  splinting.  A 
pelvic  fracture  was  kept  as 
immobilized  as  possible  with 
transfers  done  by  stretcher 
(one  was  found  in  the  debris). 

No  medications  of  any  kind 
were  available  but  would  have 
been  unnecessary  except, 
perhaps,  to  ease  the  pain  of 
the  pelvic  fracture.  From  the 
outset,  one  member  displayed 
bizarre  behaviour  including 
refusing  to  wear  hand  covering 
and  being  disoriented  to  time 
and  place.  He  was  completely 
oriented  to  person  and  could 
give  accurate  details  of  his 
past  but  throughout  the  wait 
fc-  rescue  was  delusional  with 
sui.  's  statements  as  "you  still 
think  we  are  going  to  be 
rescued  after  waiting  5  years" 
and  "there  are  people  in  a 
building  just  outside  waiting 
for  us  to  come  out  so  they  can 
help  us,  but  you  insist  on 
staying  in  the  tail".  Because 


of  dried  blood  on  his  face,  I 
suspected  a  moderate  head  injury 
but  had  no  way  of  excluding  the 
possibility  of  a  traumatic 
stress  reaction.  This  person 
has  no  memory  of  the  crash  but 
is  now  otherwise  neurologically 
normal  despite  severe  frostbite 
to  the  hands  which  necessitated 
the  amputation  of  most  fingers. 

Two  survivors  had  no 
feeling  in  the  lower  body  which 
suggested  a  spinal  injury. 
Keeping  them  immobile  was  a 
priority.  They  were  protected 
from  the  elements  with  sleeping 
bags  and  a  shelter  made  from 
debris.  Presently,  one  is  now 
confined  to  a  wheelchair  and  the 
other  is  recovering  from 
frostbite  injuries  but  is  not 
paralysed. 

Thus,  although  first  aid 
was  minimal,  most  of  those  who 
survived  the  crash  would  have 
been  classified  as  "green" 
initially.  The  sequence  of 
black,  red,  yellow  or  green 
denotes  dead,  severely  injured, 
moderately  injured  and  walking 
wounded  respectively.  Status 
would  have  been  downgraded  to 
yellow  or  red,  depending  on  the 
degree  of  hypothermia  effects. 

The  second  priority  in  the 
survival  pattern  is  fire.  After 
the  crash,  fires  burned  in  the 
wing-mounted  engines.  Because 
of  its  visibility  in  the  arctic 
darkness,  when  the  smoke 
cleared,  the  wing  became  the 
collection  point  and  maintaining 
the  fire  with  diesel-soaked 
cloths  and  papers  became  a  focus 
of  attention.  Flashlights  were 
needed  to  search  for  equipment 
and  to  collect  fuel  from  the 
split  diesel  tanks  for  the  fire. 
Because  of  their  mobility  and  by 
their  own  motivation,  this  task 
was  done  by  the  aircrew.  Later, 
when  we  moved  to  the  tail,  fire 
was  no  longer  possible  because 
of  fear  of  toxic  fumes  from  the 
insulation  if  it  caught  fire. 

Shelter  is  the  next 
priority.  In  the  initial  seven 
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hours  after  the  crash,  the 
tnather  was  clear  and  the  winds 
calm.  The  aircrew  knew  we  were 
within  twenty  kilostetres  of 
Alert  and  tAat  rescue  was 
isuainent.  k^ile  the  aircrew 
brought  packs  of  equipment  to 
be  searched,  for  useful 
materiel  and  brought  fuel  for 
the  fire,  we  were  content  to 
sit  and  wait  thinking  that 
rescue  was  not  far  off. 
Movement  was  difficult  for  many 
because  of  their  injuries.  We 
sat  until  the  storm  began. 
Then  it  was  necessary  to  move 
to  a  location  out  of  the  high 
winds  and  drifting  snow.  In 
search  of  shelter,  several 
tents  were  found,  with  rips  and 
no  poles.  The  rubber  rafts 
that  had  inflated  during  the 
crash,  were  damaged,  and  frozen 
in  unusable  shapes.  Seven 
sleeping  bags  were  recovered. 
Four  were  used  as  insulation 
for  the  two  with  spinal 
injuries  and  the  last  three  for 
individuals.  The  aircrew  whose 
parkas  had  been  lost  in  the 
flames  of  the  cockpit  were  in 
need  of  protection  from  the 
wind.  Their  exertions,  which 
bad  kept  them  warm,  had  caused 
them  to  perspire.  Their  sweat 
was  now  beginning  to  freeze  on 
their  skin.  The  snow  known  as 
’popcorn  snow’  resembled  fine 
sand  under  an  icy  crust.  It 
was  impossible  to  construct  any 
kind  of  wind  protection  from 
this  snow.  Even  though  the 
survival  manuals  advocate  not 
staying  in  the  wreckage,  we  had 
few  options.  The  intact  tail 
of  the  plane  was  the  only 
structure  large  enough  to 
provide  protection  from  the 
mounting  blizzard.  Lighting  a 
fire  inside  the  fuselage  would 
result  in  toxic  fumes  from 
burning  insulation.  Therefore, 
we  relied  on  each  others  body 
heat  to  keep  us  warm.  The 
insulation  lining  the  walls  was 
pulled  down  to  lie  on  and  to 
fill  the  many  holes  in  the 


natural  construction  of  the 
floor.  Unfortunately,  whenever 
we  moved,  the  lining  shifted  and 
we  found  ourselves  lying  on  the 
bare  metal  floor.  The  major 
disadvantage  of  using  the 
fuselage  as  shelter  was  the 
intense  cold  of  the  atetal. 
Outside  the  wind  and  snow  had 
taken  the  -22c  temperature  and 
created  a  windchill  factor  of  - 
60c.  The  open  end  of  the  tail 
was  partially  covered  with  a 
tent.  Another  was  used  as  a 
covering  to  keep  the  snow  off 
our  clothing.  Under  the  tarp, 
we  arranged  ourselves  in  order 
to  prevent  heat  loss  but  left 
the  person  with  the  pelvic 
fracture  and  the  one  with  the 
head  injury  separate,  although 
close  to  us,  because  of  their 
level  of  pain  and  agitation 
respectively. 

Considering  the  geographic 
and  weather  situation  in  which 
we  found  ourselves,  the  shelter 
chosen  was  adequate.  All  those 
sheltered  in  the  tail  survived, 
except  one.  The  aircraft 
commander  and,  for  a  time,  the 
co-pilot,  went  out  periodically 
to  check  on  the  two  injured  left 
bundled  outside  in  their  own 
shelter.  This  meant  walking 
from  the  tail  less  than  30 
metres  through  the  blizzard 
which  resulted  in  cold,  fatigue 
and  eventually  death  from 
hypothermia  for  the  aircraft 
commander.  We  were  unaware  of 
the  level  of  his  distress  until 
he  died.  The  survivors 
experienced  various  signs  of 
hypothermia  with  increased  urine 
output,  decreased  sensation  in 
hands  and  feet  and  an  impaired 
level  of  awareness.  Frostbite 
was  a  problem  in  recovery  but 
only  the  person  with  the  head 
injury  and  the  person  with  lower 
body  paralysis  required 
amputations. 

Priority  four  -  Signals. 
Our  flight  was  followed  20 
minutes  later  by  Boxtop  23, 
another  Hercules  transport. 


•  • 
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Th0y  spotted  th0  fir08  burning 
in  th0  wr0ckag0  and  confirmad 
our  position.  At  that  tima 
movamant  on  tha  ground  at  our 
crash  sita  could  not  ba 
visualisad  from  tha  Air.  Wa 
had  yat  to  find  tha  flaras 
which  could  confirm  our 
location.  Signal  distress 
day/night  flaras  and  signal- 
illumination  flaras  ware  found 
in  tha  amargancy  kits  in  tha 
debris.  During  the  second  to 
seventh  hours  tha  aircrew  fired 
tha  flares  whenever  wa  heard 
tha  sound  of  aircraft.  Wa 
suspected  these  to  ba 
coamarcial  airliners  flying  at 
high  altitude.  After  tha 
first,  wa  did  not  sea  another 
plane.  We  did  not  realize  that 
the  ground  rescue  team  had  seen 
our  flares  from  across  the 
river  valley  nor  did  we  see 
their  responding  flare.  During 
the  storm  it  was  impossible  to 
fire  signals  although  we  saw 
the  flares  dropped  by  the 
rescue  planes. 

Having  found  several 
radios  in  the  wreckage  we  were 
able  to  talk  to  the  rescue 
planes  for  a  short  period  of 
time.  The  radio  batteries 
quickly  became  inefficient  due 
to  the  cold.  The  last  working 
radio  was  kept  with  a  passenger 
in  a  sleeping  bag  in  an  attempt 
to  prolong  its  battery  life. 
The  last  communication  was  a 
clear  reception  from  the 
aircraft  and  a  code-like 
pushing  of  the  transmission 
button  on  the  ground  in 
response  to  yes-and-no 
questions.  In  the  last  twelve 
hours  we  had  to  be  content  with 
hearing  the  planes,  seeing  the 
dropped  flares  and  knowing  that 
they  knew  our  location.  The 
Emergency  Location  Transmitter 
(E.L.T.  )  continued  transmitting 
our  location  to  the  search  and 
rescue  satellite  until  after 
the  investigation  team  came  on 
site.  Finally,  the 
priority  of  food  and  water. 


Survival  kits  on  military 
aircraft  contain  survival  candy, 
a  carbohydrate-based  soft  candy 
designed  to  provide  energy 
without  consuming  water  in  the 
metabolism  as  protein  or  fat 
would.  Each  package  is 
sufficient  to  nourish  one  person 
for  two  days.  We  had  three 
packages,  enough  for  our  group 
for  12  hours.  Because  we  were 
not  very  active,  the  amount  was 
not  critical.  The  problem  with 
this  food  source  was  its 
cellophane  wrapping.  The 
normally  soft  candies  were 
frozen  solid  and  could  not  be 
unwrapped  with  gloved  hands.  As 
the  doctor,  the  candies  had  been 
given  to  me  to  distribute.  In 
order  to  unwrap  the  candies  I 
had  to  take  my  arms  out  of  the 
sleeves  of  my  parka  so  I  could 
unwrap  them  wi th  bare  hands 
under  my  parka  and  then 
distribute  them  one  by  one. 

Water  was  a  concern.  Even 
in  a  cold  environment,  water  is 
a  necessity.  The  entire  crash 
site  was  soaked  in  diesel.  One 
person  who  tasted  the  snow 
remarked  on  its  contaminated 
flavour.  I  recall  deliberately 
considering  the 
advantages/disadvantages  of 
eating  snow.  The  advantage: 
providing  necessary  fluid  while 
our  bodies  were  under  high 
stress.  The  disadvantages:  the 
possibility  of  contaminants 
(including  hydrocarbons )  in  the 
snow,  the  relatively  small 
amount  of  water  obtainable  from 
a  set  volume  of  snow,  and  most 
importantly  the  introduction  of 
near  freezing  water  to  the  body 
core  when  the  ambient 
temperature  already  eld  high 
risk  of  hypothermia.  I  chose 
not  to  suggest  eating  snow  to 
the  others.  At  the  rescue,  we 
were  very  thirsty.  The  offered 
coffee  was  not  rejected,  but 
simple  warm  water  was  preferred . 
The  importance  of  water  for  the 
burned  member  was  emphasized 
when  his  urine  was  seen  to  be 
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dark  rad.  Bacausa  ha  was 
unwilling  to  urinata  while 
lying  in  his  slaaping  bag  and 
was  unabla  to  aanoauvra  outside 
of  it  with  no  vision,  extra 
fluids  before  rescue  would  have 
complicated  the  situation.  As 
it  was,  he  suffered  no 
persanent  kidney  damage.  Thus 
food  and  water,  although 
limited,  were  sufficient  for 
our  survival  period. 

There  is  recent  increased 
attention  to  critical  incident 
stress  and  its  treatment  to 
prevent  post  traumatic  stress 
disorders.  During  the  wait  for 
rescue,  the  survivors  in  the 
tail-section  discussed  family, 
prior  military  experience  and 
prior  visits  to  Alert.  These 
discussions  were  structured 
around  the  roll  call:  the 
first  name  of  each  survivor 
called  every  hour  by  me.  Bach 
person  was  required  to  answer 
verbally  when  called.  This 
served  several  purposes.  It 
prevented  people  from  falling 
asleep  for  long  periods,  which 
could  be  fatal  in  the  cold. 
The  names  gave  people  back 
their  individuality  so  they 
were  more  than  a  "survivor". 
Using  the  roll  call  everyone 
was  given  an  opportunity  to 
participate  if  they  chose.  At 
one  point  a  discussion  began  on 
the  safety  of  the  Hercules 
aircraft  versus  other  planes. 
The  consensus  of  passengers 
with  experience  was  to  still 
choose  a  Hercules  before  any 
other  aircraft  because  of  their 
safety. 

On  our  return  to 
national  Defence  Medical  Centre 
(HDMC)  we  underwent,  as  a 
group,  minus  the  aircrew,  a 
formal  Post-Traumatic  Stress 
Debriefing.  Although  most 
survivors  had  little  interest 
in  attending  initially,  it  was 
a  positive  experience , 
beneficial  in  the  long-term 
recovery  psychologically  from 
the  incident.  Further  work  in 


the  field  of  Critical  Incident 
Stress  is  very  important. 

In  conclusion,  the 
survival  pattern  taught  must  be 
modified  for  extreme  situations . 
Because  of  injuries  and  the 
storm  conditions,  movement  and 
active  participation  in 
activities  focused  on  survival 
was  limited.  The  ability  of 
rescue  teams  to  reach  us  was 
hampered  by  the  same  storm 
conditions  and  their  arrival  was 
timely  and  appreciated . 
Although  none  of  the  survivors 
had  previously  learned  arctic 
survival,  the  aircrew  did  have 
Basic  Survival  training.  They 
took  charge  of  the  situation  and 
found  enough  equipment  to  make 
our  wait  for  rescue  possible. 

The  cold  served  as  both 
friend  and  foe.  It  decreased 
swelling,  blood  loss  and  pain 
for  some.  For  others  it  caused 
painful  frostbite  and 
amputations  in  the  recovery 
period  of  the  survivor.  The 
weather  was  the  largest 
contributing  factor  delaying 
r«scua.  VI th  the  best  laid 
plans,  weather  will  always  be 
the  uncontrollable  element 
limiting  success. 
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SUMMARY 

This  paper  presents  an  ov«view  of  the 
woric  undertaken  and  support  given  to 
members  of  the  Mtish  Antarctic 
Survey,  discussing  some  of  the 
environmental  hazards  to  which  the 
personnel  are  exposed. 


BRITISH  ANTARCTIC  SURVEY 

The  British  Antarctic  Survey  is 
reqxmsible  for  all  of  the  British 
Governments  scientific  research  in  the 
Antarctic,  South  Georgia  and  the 
South  Sandwich  Islands.  The  aim  of 
the  British  Antarctic  Survey  is  to  carry 
out  a  balanced  and  optimum 
programme  of  first-rate  scientific 
research  in  the  Antarctic,  of  global  as 
well  as  r^ional  relevance.  Currently 
there  are  four  permanent  research 
stations;  two  geophysical 
observatories,  at  H^ey  and  Rothera; 
one  biological  laboratiHy  at  Signy; 
and  a  centre  of  support  for  earth 
sciences,  including  airborne  remote 
senting  research  at  Rothna.  Seabird 
and  seal  research  is  undertaken  at  Bird 
Island,  a  small  field  station.  The 
scientific  programme  is  based  on  a 
multi-disciplinary  research  strata, 
which  will  be  taken  forward  into  the 
next  century.  Visiting  scientists  from 
Univoaity  dqxutments  also  make  use 
oftheba^. 


The  Survey  b^an  in  1943,  in 
wartime,  as  a  naval  operation.  In  1943 
it  became  the  Falklartd  Islands 
Dq)endencies  Survey,  before,  in 
19^,  the  British  Antarctic  Survey, 
BAS,  was  formed.  The  five  research 
stations  have  been  established  in  the 
region  of  the  Antarctic  Peninsula,  and 
are  now  manned  all  year  round.  In  the 
past  it  used  to  take  the  best  part  of  a 
year  to  get  the  personnel  into  position 
to  undertake  exploratory  work 
followed  by  a  second  season  for  a 
limited  amount  of  research  to  take 
place,  returning  home  during  the  third 
season.  Advances  in  air  operations 
mean  that  some  scientists  are  now  able 
to  reach  tiie  Antarctic,  and  even  their 
field  sites,  by  air,  and  thereby  conduct 
their  worir  through  the  summer 
season,  before  returning  home  by  air. 
This  allows  the  scientists  to  follow  up 
and  discuss  their  work  with  colleagues 
at  home  in  the  UK  before  planning  the 
next  iriiase  of  their  work. 

The  research  stations  are  positioned  at 
Bird  Island,  Signy,  Faraday,  Rothera 
and  Halley. 

(1)  Bird  bbmd  on  South  Georgia  is 
the  least  remote  base,  with  a  winter 
pq}ulation  of  only  3  staff,  though 
dim  may  be  up  to  10  staff  in  the 
summer. 
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(2)  l^gny  is  the  bu^)gical  station, 
kicaled  on  one  of  the  South  Orkney 
Islands.  A  large  part  of  Signy  Island  is 
covoed  by  permanent  ice,  with  snow 
fidling  on  about  280  days  of  the  year. 
Activities  include  a  diving  facility.  In 
winter,  staff  dive  beneath  the  ice, 
s(q)p(»ted  by  colleagues  using  sledges 
and  skidoos  •  it  is  questionable  who  is 
exposed  to  the  most  cold  exposure, 
the  diver  or  the  supporter?  This  topic 
is  currently  being  investigated  at 
Signy.  The  winter  population  of  staff 
here  is  16,  rising  in  the  summer  to  as 
much  as  2S  to  30. 

(3)  Faraday  is  situated  on  the  west 
coast  of  the  Antarctic  Peninsula.  It  is 
a  centre  for  atmoq)heric  science 
research  and  meteorology.  At  the 
base,  summer  temperatures  range 
from  0  to  +2'’C,  while  winter 
temperatures  range  from  •2‘’C  down 
to  -20°C. 

During  the  winter  months,  sea  ice 
forms  over  the  whole  area,  allowing 
sledging  between  the  islands.  There 
are  normally  1 1  •  IS  staff  resident  ail 
year  round. 

(4)  Rothera  is  also  located  on  an 
island  just  off  the  coast  of  the 
Antarctic  pmiinsula.  This  is  the  largest 
of  the  basM,  with  a  winter  staff  of  IS 
and  a  summer  staff  of  70.  Rothera  is 
the  coitre  for  air  operations  and  is  the 
only  British  station  from  which  fixed 
wing,  wheeled,  aircraft  can  be 
operated.  The  base  supports  field 
teams  travelling  to  remote  sites.  Once 
a  camp  has  been  set  up,  sledges  and 
slddoM  are  used  for  transport.  The 
siddoo  is  rsqridly  rqrlacing  the  dog 
teams  at  Rothera. 

(5)  Halley  is  the  most  southerly  and 
remote  base  at  a  latitude  of  7S°  South, 
experiencing  long  periods  of  total 


darkness  in  winter  and  the  midnight 
sun  in  summer.  The  station  is  situated 
on  the  ^unt  ice  shelf,  12  km  from  the 
ice  edge  where  the  supply  ship 
unloads  stems.  This  occurs  only  once 
a  year  due  to  the  normally  ice-bound 
status  of  the  Weddell  Sea.  Air 
tran^rt  to  Halley  is,  however, 
possible  during  the  summer  months 
using  a  snow  sldway.  The  winter 
population  of  staff  is  18,  doubling  in 
summer. 


AIR  OPERATIONS 

The  first  Antarctic  aviator  was 
Captain  Scott,  who  tranqwrted  a 
tethered  balloon  from  England 
onboard  the  Discovery.  In  1902,  Scott 
used  tlw  balloon  to  obtain  a  bird's-eye 
view  from  almost  800  feet,  south  to 
the  Ross  Ice  Shelf .  Occasional 
pioneering  flights  in  fixed  wing 
aircraft  occurred  during  the  late  20' s 
and  30' s,  supporting  early  scientific 
expeditions. 

Operations  from  Rothera  are  currently 
undertaken  using  four  twin  engined, 
sld-equipped  de  Havilland  twin  otter 
aircr:^.  Hie  twin  otters  have  a  normal 
fuel  range  of  850  km.  Under  normal 
operations,  only  one  or  two 
passoigers  are  carried  at  one  time, 
with  a  major  function  being  the 
transport  of  field  equipment  and  fuel 
for  onward  air  and  field  activities. 

During  the  1994/1995  season  a  four- 
engined  de  Havilland  Dash  7  aircraft 
will  be  commissioned  to  extend  the 
working  range  to  2300  km  and  the 
payload  to  2270  kg.  This  aircraft  is 
currently  undergoing  considerable 
modification  including  the  fitting  of  a 
large  cargo  door,  Icmg-range  fuel 
tanks  and  an  avionics  upgrade.  It  will 


five  ttie  iwit  the  ability  to  carry  iq) 
to  16  peraoBnd  betweca  the  Antarctic 
and  the  Falkland  Islands,  considerably 
redudng  travelling  times  for  scientific 
SiMff. 

Operatioiial  siqqKXt  for  the  fidd 
parties  has  seen  a  recent  significant 
improvement  brought  about  by  the 
buUding  of  a  gravel  runway  at  the 
Rothera  research  station.  This  hard 
airstrq),  suitable  for  wheetod 
operations,  replaces  a  snow  sldway 
whidi  was  5  kilometres  north  of 
Rothera  and  275  metres  above  sea 
level,  where  adverse  weather 
conditions  frequently  restricted  air 
operations.  The  new  facility  is  a  900 
metre  long  crushed  rock  airstrip,  with 
a  parking  site  and  hangar  offset  to  one 
side,  plus  fuel  storage  tanks. 

The  air  unit  is  staffed  by  6  pilots  and 
3  aircraft  engineers  operating  during 
the  austral  summer  from  October  to 
March.  Each  season,  after  an  annual 
overhaul,  the  twin  otters  are  flown 
down  from  the  United  Kingdom  to 
Rothera  via  Greenland  and  the 
Americas,  a  journey  taking  11  days 
and  75  flying  hours.  Once  on  site, 
training  flights  are  undertaken  and 
dqx>ts  of  equipment  and  supplies 
talwn  out  to  field  locations. 

The  Rothera  research  base  is  occupied 
to  full  csqncity  at  the  start  and  end  of 
the  summer  season  when  research 
parties  are  prqaring  for  and  returning 
from  the  field.  This  results  in  pniods 
of  heavy  aviation  traffic,  with 
numerous  field  projects  in  locations 
up  to  ISOO  km  distant.  Mid  season, 
staff  may  be  required  to  travel 
between  Rothera  and  Hall^  to 
support  the  scientific  projects.  The 
aircraft  are  also  used  for  remote 
smising,  for  airborne  surveys,  and  to 


provide  pilotage  inforrnmion  to  the 
two  British  Antarctic  Survey  research 
vesads,  the  Royal  Researdi  Ship 
Bransfield  ud  the  Royal  Research 
Ship  James  Clark  Ross. 

All  of  the  British  Antarctic  Survey 
bases  are  visited  by  aircraft, 
helicopten  and  ships  from  the  United 
Kingdom  and  from  other  nations, 
enhancing  international  oMiperation. 
The  air  unit  thus  serves  many 
functions  during  the  summer  months. 


HAZARDS  OF  COLD 

The  personnel  who  live  and  work  at 
or  from  the  research  stations  re^nesent 
a  balance  of  scientific  and  support 
staff.  Each  year  ^)proximately  half  of 
the  station  complement  is  rq>laced. 
The  vital  continuity  of  experience  and 
expertise  is  promoted  through  those 
who  remain  for  a  second  year.  Field 
work  requires  a  self  contained  unit  of 
slddoo,  riedge  and  tent,  food  and 
clothing,  scientific  and  personal  gear, 
a  radio  for  communications  and 
medical  equipment.  Travel  may  be 
across  sea,  ice  or  glacier. 

Specific  hazards  which  may  be 
oicountered  include  trauma,  snow- 
blindness,  carbon  monoxide 
poisoning,  disorders  caused  by  caused 
by  altitude  or  diving,  and  local  and 
general  cold  injury.  Risk  is  minimized 
by  thorough  preventative  measures 
and  procedures. 

The  climatic  hazards  of  the  Antarctic 
are  obvious.  Air  temperatures  are 
always  close  to  freezing  and  wind 
chill  will  be  of  huge  significance  whoi 
wind  q)eeds  of  up  to  20ms~^  are 
experioKed.  Exposure  to  these  factors 
will  greatly  increase  the  potential  heat 
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loss  fimn  the  body,  by  convection  and 
conduction,  tfowever,  the  intensity  of 
stdar  ndiatkm  is  much  higher  than 
nonnal,  due  to  the  clear  air  and  high 
reflectance  resulting  in  relatively  high 
tMiperatures  on  surflues  expos^  to 
the  sununer  sun.  This  advantage  is 
lost  at  night. 

To  provide  inotecdon  against  such 
hazards,  each  membo’  of  staff  always 
travels  with  a  P-bag,  containing  a  lilo, 
a  sheepskin,  a  sophisticated  sleqnng 
bag  and  bivvy  bag.  He  or  she  will  be 
issued  with  boots,  gloves  and  goggles. 

Exposure  of  an  individual  to  such 
extreme  conditions  without  adequate 
protection  would  quickly  result  in  the 
development  of  hypothermia  -  a  fall  in 
body  temperature  to  below  3S**C.  The 
signs  and  symptoms  of  hypothermia 
are  well  documented: 

-  shivering  during  the  early  stages, 
which  may  diminish  with  time; 

•  changes  in  mood,  either  apathy  or 
sometimes  aggression,  often 
uncharacteristic  of  the  person; 

'  loss  of  peripheral  pulse  due  to 
vasoconstriction  and  central  pooling  of 
blood  into  the  body  core;  and 
'  bradycardia,  indicating  the  general 
slowing  of  body  processes. 

The  physiological  effects  of 
hypothermia  are  generally  given 
precedence,  but  they  are  not  the  only 
factors  which  will  s^ect  an 
individual's  chances  of  survival. 
Experimoits  investigating  the  effects 
of  cold  on  human  performance  have 
diown  that,  as  the  body  cools,  mental 
performance  is  impaired.  What  the 
body  temperature  of  test  subjects  was 
lowered  by  immersion  in  cold  water, 
followed  by  rsqnd  transfa*  to  warm 
water  ther^y  abolishing  the 


distracting  effects  of  a  cold  sldn,  both 
nMHiKxy  registration  and  ^leed  of 
reasoning  wme  impaired  (1).  Subjects 
were  asked  to  remembn’  passages 
containing  IS  facts.  At  a  deep  body 
temperature  between  34  and  3S°C 
memory  registration  was  significantly 
affected,  with  17  to  43%  of  recall  as 
compared  to  the  test  at  normal  body 
temperature.  Similariy,  the  qwed  of 
perfnming  double-digit  additions  and 
reastming  problems  was  impaired.  For 
each  ment^  task,  the  impairment  was 
progmsive,  and  apparent  below  a 
deep  body  temperature  of  36°C. 

Thus,  the  individual  does  not  have  to 
be  hypothermic  before  his  or  her 
ment^  performance  is  affected. 

This  foctor  may  affect  the  decision¬ 
making  process,  when  an  emergency 
situaticm  has  to  assessed  and 
sometimes  quick  responses  made.  In 
the  remote  environment  of  the 
Antarctic,  any  incident  is  likely  to 
involve  a  small  number  of  people, 
albeit  well  equipped,  but  in  a  basic 
survival  situation.  The  insidious 
effects  of  body  cooling,  just  one  of 
the  hazards,  is  perhaps  one  of  the 
more  important  factors  to  be 
considCT^,  making  prevention  and 
protection  from  exposure  so 
important. 


MEDICAL  SUPPORT 

The  four  main  bases,  Halley,  Rothera, 
Faraday  and  Signy,  are  each  manned 
by  a  Medical  Officer  throughout  the 
year.  Prior  to  journeying  south  each 
doctor  q)ends  several  months  at  the 
RGIT  Survival  Centre  where  the 
British  Antarctic  Survey  Medical  Unit 
is  based.  Specialized  training  is  given 
in  a  fields  such  as  general 
anaesthetics,  radiografriiy  and  diving 
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medicine.  The  doctors  also  take  on 
research  prefects  including  relevant 
subjects  such  as  nutrition,  the  study  of 
circadian  rhythms  and  medical 
communications.  A  database  has  also 
been  set  up  to  build  up  a  (HCture  of  the 
iUness  and  injurms  of  personnel 
wmrldng  in  a  remote  and  isolated  site. 
The  database  will  not  only  improve 
information  about  the  patterns  of 
illness  and  injury,  but  may  in  the 
future  give  dire^on  as  to  training 
needs  and  pmlu^  help  in  the 
selection  of  persmuiel  volunteering  to 
go  south,  both  from  the  point  of  view 
of  i^ysical  fitness  and  Just  as 
important  perhaps,  from  the 
psychology  and  personality  aspect. 

Once  on  site  in  the  Antarctic,  the 
medical  officer  will  operate  from  a 
well  stocked  surgery.  As  a  back-up,  in 
case  of  catastrophic  damage  to  a  base, 
an  emergoicy  medical  box  is  kq)t  at  a 
site  distant  from  the  surgery  and 
general  base  area.  This  Idt  includes  a 
"bums  box”,  plus  emergency  food  and 
clothing.  In  the  event  of  an  emergency 
occurring  away  ftom  base  an 
emergoicy  *grab  bag"  is  maintained 
at  the  surgery,  to  allow  the  doctor  to 
provide  immediate  care  at  a  remote 
field  site,  prior  to  transfer  back  to  the 
base. 

As  well  as  training  the  Medical 
Officers,  the  Medical  Unit  in 
Aberdeen  is  also  responsible  for 
providing  first  aid  training  for  all 
pmonnel  going  down  to  the  bases, 
again  with  emphasis  on  topics  such  as 
hypothermia. 

As  a  middle  tier  in  the  medical 
support,  some  staff  who  will  be 
travelling  into  the  field  are  given 
^recial  first  aid  training.  Each  field 
party  carries  a  field  medical  box. 


Field  staff  are  therefore  trained  in  the 
use  of  medicines,  drug, 
contraindications  and  injection 
techniques,  similar  to  the  military 
paramedics. 

The  personnel  working  in  the 
Antarctic  thus  represent  a  relatively 
highly  trained  team  should  an 
emergency  occur.  This  is  of  course 
essential  due  to  the  remote  location. 
The  primary  aim  is  to  provide  full 
medical  care  on  site.  Advances  in 
telemedicine  techniques,  currently 
being  researched  at  the  RGIT  Survival 
Centre,  have  greatly  improved 
communications,  with  the  use  of 
satellite  telecommunications.  This 
allows  rapid  contact  with  the  senior 
medical  officer  and  specialist  medical 
dqxutments  in  Aberdeen,  giving 
backup  to  the  doctor  and  first-aiders 
on  site. 

It  is  current  policy  to  treat  personnel 
on  base  where-ever  possible. 

However,  if  an  evacuation  is 
necessary,  then  an  air  evacuation  will 
be  mobilised,  either  to  the  Port 
Stanley  hospital  in  the  Falklands,  to 
Punta  Arenas  in  Chile,  to  Montevideo 
in  Uruguay,  or  Christchurch  in  New 
Zealand.  Dqxnding  upon  the  time  of 
year  and  location  this  may  well 
require  a  series  of  flights  and 
international  co-<peration. 
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Summary 

This  paper  presents  practical  experience  with  the 
following  life  support  equipment  used  during  an 
unsupported  North  Pole  expedition  in  1992: 
Clothing,  sleeping  bag  with  vapour  barrier  inner 
liner,  a  high  efficiency  cooking  gear  for  melting 
water,  and  freeze  dried  food  with  70  %  of  the 
energy  from  fat. 

Introduction 

On  the  1st  of  March  1992  three  Norwegians  left 
Severnaya  Zemlya,  Siberia,  heading  for  the  North 
Pole.  Ward  Hunt  on  Ellesmere  Island.  Canada  was 
the  final  goal  if  ice  conditions  permitted  (fig  1). 
All  team  members  were  27  years  old.  with  a 
military  background  from  the  Norwegian  Special 
Forces.  The  expedition  was  planned  to  be 
unsupported,  in  the  sense  that  all  equipment  and 
food  needed  for  reaching  the  North  Pole  was 
pulled  in  sleds  by  the  team  members.  Each  sled 
weighed  ISO  kg  at  the  start,  1 10  kg  of  which  was 
fuel  and  food.  The  sleds  were  designed  to  be  used 
as  canoes  for  crossing  open  water.  Skies  were 
used  whenever  possible.  An  Argos  one-way 
satellite  radio  for  relaying  simple  messages  was 
brought  along. 

The  North  Pole  was  reached  on  May  12th.  Due  to 
very  extensive  break-up  of  the  ice,  the  team  was 
forced  to  discontinue  the  march  towards  Canada 
on  June  4th.  By  then,  they  had  walked  about 
1.400  km.  The  Canadian  Twin  Otter  pick-up 
plane  reached  them  about  24  hours  after  they  had 
transmitted  the  radio  message. 

Environmental  conditions 

Temperatures  varied  from  -4  to  -540C,  with  an 
average  of  -30°C.  There  was  24  hours  daylight 
and  midnight  sun  throughout  the  expedition, 
except  for  die  flrst  14  days.  There  was  an  almost 
equal  number  of  sunny  and  overcast  days.  A 
heavy  snowfall,  one  meter  in  a  week,  occurred 
shortly  before  the  Pole  was  reached.  Winds  varied 
from  almost  quiet  to  storm,  with  a  moderate 
breeze  pr^ominating.  During  the  last  3  weeks  of 
the  exp^ition  a  strong  steady  wind  was  blowing 
the  team  20  km  in  the  wrong  direction  every  day. 
There  was  higher  temperature,  less  ice  and  more 


open  water  during  the  expedition  than  average  for 
the  March-June  period.  Crossing  open  water  (l- 
30  m)  was  neccessary  from  1  lo  more  than  30 
times  a  day.  The  team  occasionally  encountered 
larger  cracks  in  the  ice  and  had  to  walk  around. 
The  first  30  days  they  crossed  a  200  km  wide  area 
of  pack  ice  with  ridges  and  ice  towers  up  to  20  m 
height.  Pack  ice  and  open  water  represented  about 
30  %  of  the  total  distance,  the  other  70  %  being 
relatively  flat  ice. 


Figure  1.  Planned  and  actual  routes  for  the  expedition 


Work  /  Rest  Cycle 

After  breakfast  and  break  of  camp  the  team 
normally  walked  for  one  hour  followed  by  a  ten 
minute  break,  continuing  this  schedule  for  9  or 
10  hours  a  day,  and  covering  a  distance  of  3-23 
km  depending  on  ice  conditions.  During  the  short 
breaks  tlKy  had  water,  chocolate  and  cereal  mixed 
with  fat.  The  main  meal  was  prepared  after  a  new 
camp  had  been  established.  Time  for  breaking 
camp  depended  on  weather  and  ice  conditions.  In 
the  latter  ptut  of  the  expedition  they  often  found 
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it  advantagous  to  walk  at  night,  with  the  midnight 
sun  behind  them. 

Clothing 

Presently  most  polar  expeditions  select  clothing 
material  based  on  synthetic  fibers,  however  in 
accordance  with  Norwegian  tradition  the  team 
mainly  used  the  natural  fibers  wool  and  cotton 
(fig  2). 

All  team  members  used  wool  underwear  next  to 
the  skin,  based  on  personal  experience  that  wool 
retains  insulating  properties  better  than  synthetic 
material  when  getting  wet  and  dirty.  Due  to  the 
strict  weight  limitations  they  used  the  same 
underwear  during  the  entire  expedition.  Wool  will 
retain  more  humidity  than  synthetic  fibers.  This 
was  not  a  problem  while  walking,  due  to  the  heat 
production  induced  by  exercise. 

When  comparing  wool  to  clothing  based  on 
synthetic  fibers  during  exercise  trials  in  a  cold 
storage  facility  (-42®C)  prior  to  the  expedition, 
the  team  members  became  more  thirsty  and 
seemed  to  get  dehydrated  faster  in  synthetic 
clothing.  The  more  efficient  transfer  of  humidity 
by  the  synthetic  fibers  might  create  a  dryer 
microclimate  next  to  the  skin  and  possibly 
enhanced  water  loss  by  perspiration. 

The  teams  prior  experience  with  Gore-Tex 
material  in  the  Arctic  had  been  unsatisfactory.  Ice 
tends  to  form  between  the  layers,  making  the 
material  almost  impermeable.  In  severe  cold  the 
material  gets  brittle  and  the  membrane  easily 
cracks.  TTie  only  Gore-Tex  product  that  was 
brought  along,  was  extra  windproof  mittens.  In 
temperatures  below  -15°C  they  got  stiff  and 
lumpy  with  reduced  transfer  of  humidity. 

Windbreakers  (anoraks)  were  produced  for  the 
expedition  by  Norr0na  Sport  A/S,  Asker,  Norway. 
All  garments  were  of  equal  design,  but 
manufactured  in  cotton  for  one  team  member  and 
in  an  experimental,  synthetic  microfiber  for  the 
two  others.  Cotton  worked  best  in  severely  cold 
conditions,  and  had  a  better  transfer  of  humidity. 
The  microfiber  was  better  in  milder,  more  wet 
conditions  as  it  did  not  absorb  so  much  humidity 
and  dried  quicker. 

Trousers  were  made  of  a  loden  type  of  fabric 
(“Norr0na  Loden  trousers”),  known  as 
“vadmel”  in  the  Nordic  countries,  a  traditional 
rough,  wollen  cloth  used  for  outer  garments  since 
the  fourteenth  century.  Fridtjof  Nansen  and  other 
polar  explorers  successfully  used  the  material  100 
years  ago.  A  special  type  of  shaggy  wool  is  woven 
very  tightly  and  shrui^  in  a  washing  process.  It 
works  extremely  well  in  very  cold  conditions. 
Even  during  the  coldest  period  of  the  expedition 
(-  54OC),  two  pairs  of  thin  wool  underwear  and 
the  thick  loden  trousers  were  sufficient.  Loden 
does  not  function  well  in  mild,  wet  conditions.  In 
strong  wind,  the  team  members  put  windproof 
microfiber  pants  on  top. 


The  footwear  (fig  3)  was  based  on  eskimo 
tradition,  mukluks  made  of  seal  and  polar  bear 
skin.  They  were  waterproof,  insulated  well  and 
were  very  strong,  as  each  team  member  walked  in 
the  same  pair  for  the  entire  100  days  of  the  trip. 
Two  thick,  wool  felt  inserts  were  put  in  the 
mukluks  to  reduce  heat  loss  to  the  ground.  A  thin 
polypropylen  sock  was  worn  next  to  the  skin,  and 
one  thin  and  two  thick  woolen  socks.  A  vapour 
barrier  sock  was  placed  between  the  polypropylen 
sock  and  the  woolen  socks,  to  prevent  foot 
perspiration  from  freezing  up  in  the  wool  socks. 
This  arrangement  functioned  very  well.  The 
inserts,  however,  could  have  been  even  thicker  for 
better  insulation  to  the  ground. 

The  mukluks  were  attached  to  the  skies  by  a 
special  leather  strap  binding,  formed  like  a  sandal. 
Each  team  member  brought  one  pair  of  skies, 
Telemark  mountain  skies  of  fiberglass/wooden 
core  with  steel  edges  (‘Telemark  Sondre”,  Asnes 
A/S,  Straumsnes,  Norway).  A  synthetic  fur, 
(“Skifeller”,  Asnes  A/S),  was  glued  under  the 
skies  to  prevent  slipping. 

Protection  of  hands  and  fingers  is  difficult.  The 
team  used  windproof  mittens  of  microfiber  or 
Gore-Tex,  and  innermitts  of  wool  or  synthetic 
fleece,  but  found  that  too  much  ice  was  forming 
in  the  innermitts  (fig  3). 

Head  and  face  were  protected  by  a 
nylon/hollofil/pertex  cap  with  ear  flaps,  a  neopren 
cold  weather  facemask,  sun  goggles  and  a 
windproof,  fur-lined  hood.  In  addition  the  facial 
skin  was  protected  by  fatty  creams  (goose  fat  and 
waterfree  vaseline). 

During  the  breaks  they  put  on  a  down  parka.  In 
the  camp  area  they  wore  a  thick  synthetic,  fleece 
sweater,  and  thick  pants  of  hollofil  fiber,  in 
addition  to  the  parka  (fig  2).  In  the  sleeping  bags 
only  the  woolen  underwear  was  used. 

All  team  members  fell  through  the  ice  a  few 
times.  This  was  not  nearly  as  dramatic  as  had  been 
expected.  They  quickly  emptied  the  mukluks  and 
continued  marching,  llie  underwear  was  dried  by 
body  heat,  and  ice  forming  in  the  outer  layers  of 
the  clothing  could  be  shaken  off.  The  mukluks 
however  would  remain  very  stiff  for  several  days 
depending  on  weather  conditions. 

A  few  cases  of  superficial  frostbite  were 
experienced,  but  no  permanent  cold  injury. 

Sleep 

Good  sleeping  quality  is  extremely  important  for 
the  successful  outcome  of  an  expedition  of  this 
character.  It  has  been  the  first  authors’  experience 
that  the  army  often  does  not  put  enough  priority 
on  sleeping.  Most  military  exercises  are  too  short 
for  the  detrimental  effects  of  sleep  deprivation  to 
be  fully  experienced.  Large  reductions  in  levels 
of  testosterone  and  other  anabolic  steroids  have 
been  shown  during  stressful  exercises  and  lack  of 
sleep  (Opstad,1992).  A  catabolic  effect  on  muscle 
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CLOTHING  WORN 
ON  THE  MARCH: 


CLOTHING  WORN 
WHEN  RESTING: 


HAND  AND  FOOT  WEAR. 


WHEN  WALKING  : 


IN  THE  TENT : 


Figur  3.  Hand  and  foot  wear 


tissue  is  not  desirable  in  a  strenous  expedition 
lasting  several  months.  Since  production  of  these 
hormones  is  at  its  peak  during  sleep,  the  provision 
of  good  sleeping  conditions  can  partly  prevent 
the  fall  (Opstad,  1993). 

Great  care  was  taken  in  making  the  campsites  as 
comfortable  as  possible.  The  tent  was  of  a  ninnel 
type,  manufactured  for  the  expedition  by 
Helsport  A/S,  Melhus,  Norway.  The  tent  was 
unheated,  apart  from  excess  heat  from  the 
occupants  and  from  cooking.  Three  1 .3  cm  thick 
closed-cell  ethylene  vinyl  acetate  foam  mattresses 
with  an  air  trapping  ridge  pattern  were  used  as 
insulation  under  the  sleeping  bag  (“Ridge  Rest", 
Cascade  Designs  Inc,  Seattle,  USA).  The  sleeping 
bags  were  placed  close  together.  The  sleeping 
bags  (fig  4)  were  made  of  the  synthetic  fiber 
hollofil  (“Alaska  North  Pole”,  Isolett  A/S, 
Trondheim,  Norway),  individually  fitted  by  the 
factory  in  order  to  make  the  bag  surface  area  as 
small  as  possible.  A  polyamid  based  fleece  cover 
was  fittet  around  the  sleeping  bag.  Frost  forming 
in  the  fleece  could  easily  be  shaken  off.  The 
sleeping  bags  were  never  used  for  drying  clothes. 
This  practice  will  deteriorate  sleeping  quality.  Wet 
clothes  dried  up  when  the  team  members  put 
them  on  and  started  marching.  In  addition,  the 
main  hot  meal  was  always  consumed  just  prior  to 
sleeping,  thus  heating  the  body  core  and  taking 
advantage  of  metabolic  and  digestive  heat 
production. 


Figure  4.  Sleeping  bag  with  synthetic  fleece  cover  and 
vapour  barrier  inner  liner 

A  common  problem  when  the  temperatures  are 
below  -  15°C,  is  the  formation  of  ice  in  the 
sleeping  bag,  caused  by  the  perspiration  of  water 
during  the  night.  The  fluid  evaporates  near  the 
skin  surface,  but  will  condensate  and  freeze  in  the 
outer  layers  of  the  sleeping  bag  where 
temperatures  are  below  (PC.  This  will  reduce  the 
insulation  of  the  sleeping  bag  and  make  it  heavier 
to  carry. 

Based  on  favorable  trials  in  a  cold  storage  facility 
(-420C)  with  a  vapour  barrier  inner  liner  inside 
the  sleeping  bag,  this  technique  was  successfully 


adopted  on  the  expedition  (fig  4).  No 
accumulation  of  ice  occured  in  the  sleeping  bag, 
apart  from  the  frost  that  was  brushed  and  shaken 
of  the  fleece  cover  every  morning.  The  liner  was 
made  of  polyurethan  coated  nylon  and 
manufactured  by  Isolett  A/S. 

Testing  of  sleeping  bags  at  the  Norwegian 
Defence  Research  Establishment  has  indicated 
that  at  -  200c  about  50  %  of  perspired  water 
vapour  will  condensate  and  partly  freeze  in  the 
outer  layers  of  a  standard  sleeping  bag.  When  the 
polyurethan  inner  liner  and  the  fleece  cover  are 
used,  only  10  %  of  perspired  fluid  will 
accumulate  within  the  layers  of  the  sleeping  bag 
(Martini,  93). 

We  believe  that  this  was  one  of  the  few  polar 
expeditions  without  complaints  of  feeling  cold 
during  sleep.  Even  though  the  water  could  not 
evaporate,  the  moisture  was  absorbed  in  the 
underwear  and  sleeping  was  not  uncomfortable. 
The  moisture  stayed  in  the  underwear  and  quickly 
froze  in  the  morning  when  they  got  out  of  the 
sleeping  bags.  Much  of  the  ice  could  then  be 
remov^  by  shaking  the  garments,  without  taking 
them  off. 

Water  and  food 

Preventing  dehydration  was  a  major  concern,  and 
the  team  memters  were  drinking  4.5  -  5  liters  of 
water  a  day,  including  the  water  added  for 
breakfast  and  dinner.  Respiratory  water  loss  was 
probably  high  due  to  exercise  increased 
ventilation  and  the  low  water  content  of  the  cold 
air.  Dehydration  may  lead  to  increased  blood 
viscosity  and  slower  peripheral  circulation.  The 
extremely  high  fat  content  of  diet  composed  for 
the  expedition  might  further  increase  blood 
viscosity. 

A  protective,  neoprene  face  mask  with  a 
respiratory  filter  made  for  asmaihics  was  used 
when  temperatures  were  very  low.  The  filter 
reduces  respiratory  water  loss  by  a  water 
exchange  mechanism  between  expired  and 
inspired  air.  The  mask  also  works  as  a  heat 
exchanger,  thus  reducing  respiratory  heat  loss, 
and  saving  energy.  The  filter  is  based  on  a 
stainless  steel  mesh  (“Jonaset”,  Suomen  Oy, 
Helsinki,  Finland). 

All  team  members  seemed  to  have  a  high  urine 
production  and  a  somewhat  reduced  bladder 
control  with  frequent  urinations.  This  was 
believed  to  be  partly  due  to  the  cold  and  partly  to 
the  mechanical  irritation  of  the  bladder  by  the 
sled  pulling-belt. 

Melting  and  heating  water  was  done  by  a 
prototype  high  efficiency  cooking  gear, 
developed  by  the  Norwegian  Defence  Research 
Establishment  (fig  5).  The  device  consists  of  a 
simple  burner  working  on  unleaded  gasoline 
(pure  heptane  was  used),  and  a  pot  for  cooking 
and  melting  ice,  placed  inside  a  container. 


themully  insulated  by  a  ceramic  material.  The 
container  directs  the  hot  gases  from  the  burner 
over  the  entire  surface  of  the  pot.  The  efficiency 
was  further  improved  by  rtwking  the  outer  surface 
of  the  pot  and  the  inner  surface  of  the  container 
black  by  anodizing.  The  obtained  efficiency  was 
about  70  %.  versus  47%  for  the  pot  without  the 
container,  thus  reducing  fuel  consumption  by 
about  1/3  and  shortening  the  time  requried  for 
melting  and  heating  the  water  by  the  same  factor 
(Oftedal,  1992). 


COONiNO  QEAR  VWTH  MOH  TNEMML  EFFKIEMCY 


Figure  S.  High  efficiency  cooking  gear 

The  cooking  gear  was  normally  used  at  breakfast 
and  dinner,  and  thermos  bottles  were  filled  with 
hot  water  for  the  breaks.  About  5  liters  of  water 
were  melted  per  person  per  day,  using  about  180 
ml  fuel  per  person  per  day  when  temperatures 
were  -  40°C,  and  about  130  ml  at  temperatures 
around  -  10  °C.  Each  man  had  brought  200  ml 
of  fuel  per  day,  and  there  was  a  large  surplus  of 
fuel  when  the  expedition  was  discontinued.  The 
team  members  found  the  device  very  useful, 
reliable,  robust  and  safe  to  operate.  It  was 
lightweight  with  an  additional  large  weight  saving 
due  to  the  high  fuel  efficiency.  The  outer  surface 
of  the  container  could  safely  be  touched,  and  the 
lid  was  often  used  for  drying  socks,  sole  inserts 
and  mittens. 

All  team  members  had  gained  about  10  kg  in 
body  weight  before  starting,  due  to  deliberate 
overeating  of  a  diet  rich  in  fat  for  6  months  prior 
to  the  expedition.  Each  member  lost  from  5  to  10 
kg  during  the  100  days  of  marching.  The  diet 
provided  about  6000  kcal  a  day  (Table  1).  Due  to 
the  severe  weight  limitations  an  extremely  high 
lipid  content  was  neccesary  (fat  providing  9 
kcal/g,  versus  4  kcal/g  for  carbohydrates  and 
proteins).  70%  of  the  energy  came  from  fat,  while 
65%  was  the  highest  that  h^  been  tried  on  earlier 


expeditions.  The  fat  was  a  mixture  of  60  %  soya 
oil  and  40  %  medium  chain  triglycerid  (MCT). 
Carbohydrates  provided  I(XX>-I200  kcal  per  day. 


Table  I.  Composition  of  daily  portions  of  freeze  dried 
food 


Energy 

(Kcal) 

Weight  in  grams 

Total 

weight 

Protein 

Fat 

Catbo- 

hydkaie 

Breakfast 

1315 

222 

II 

136 

75 

Lunch 

3030 

475 

18 

336 

117 

Dinner 

1665 

278 

38 

183 

57 

Total 

6010 

%5 

67 

655 

249 

Fat  is  MCT:Soya  1:1.  Vitamins  and  trace  elements  were 
added.  Fiber  30  g.  Water  content  9  g.  Plastic  bags  3Sg 


Protein  content  was  less  than  I  g  per  kg 
bodyweight  per  day.  The  diet  composition 
reduced  the  need  for  water,  due  to  generation  of 
metabolic  water  by  fat  and  carbohydrate 
oxydation,  and  low  water  requirement  for  urea 
excretion.  The  diet  also  contained  fibers,  vitamins 
and  minerals,  with  an  addition  of  vitamins  of  the 
C,  E  and  B-group. 

All  food  was  freeze  dried  and  vacuum  packed  in 
daily  portions.  Weight  of  the  plastic  bag  was 
about  3  %  of  each  portion.  The  breakfast 
consisted  of  cereal,  raisins,  sugar  and  powdered 
cream  mixed  with  hot  water.  During  the  breaks 
they  ate  cereal,  fat,  raisins  and  chocolate.  Dinner 
was  the  highlight  of  the  day  and  was  made  with 
special  cate.  The  basis  was  fat,  mashed  potatoes, 
carrots,  spices  and  hot  water.  Beef,  fish  or  corned 
beef  were  added,  creating  some  variation  in  the 
rather  monotonous  menu. 

Lack  of  experience  with  extended  use  of  a  diet 
like  this  was  a  major  element  of  uncertainty.  All 
team  members  found  the  diet  satisfactory.  No  one 
got  too  terribly  bored  with  the  menu  or  had 
fantasies  of  food  orgies  as  many  other 
expeditions  have  experienced. 

Conclusions 

Aided  by  the  described  equipment  and  food  the 
team  members  completed  —  and  enjoyed  —  their 
1.400  km  march  in  extremely  difficult  ice 
conditions  and  temperatures  down  to  -  540C. 
After  100  days  on  the  ice  they  still  had  supplies 
for  at  least  another  month  of  survival,  in  contrast 
to  the  friendly,  civilian  pilot  who  came  to  pick 


them  up  in  jeans  and  a  shoit  jacket,  dressed  for 
the  cockpit,  not  his  destination. 
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rUMCIION  or  SlAVIViU.  TDMIS  ON  ijy^D  IN  A  COU>  CLJMATS 


Royal  Ak  Rifoe  InriMe  of  AviatHB  Medkioe 
HwliOUH^  UK 


SUMMARY 

Bi||il  aobjectt  WCR  ciqMoed  to  lliaee  different 
oooMiimMaa  of  air  torepeiatore  and  windqieed  for  two 
Iwninaciiaaaiicrliaaabrf.  Ctianyia  in  core 
Wiyrratore.  aurface  iranwratoreg  and  lieat  flux,  and 
metabolic  ate  were  recoided  durina  die  expoaure.  Tbe 
RBoila  obtained  were  coav**^  pcBdidiooB 

derived  from  a  aophialicaled  computer  aaodel  of  hnniao 
ttaeimofepnlation  and  heat  excbange.  Coodnaana 
about  the  frKtom  leaponadde  for  the  rate  of  body 
coothre  in  air,  and  the  cauaea  of  the  wide  none  of 
variidiflity  obecrved  are  diaruaard  Ihe  probtema  of 
predicting  antvival  times  on  land  for  a  dtveiK 
population  are  coondoed,  aiad  possible  aobkiooa 
auggesled. 

1  INTRODUCTION 

An  increaain^  amount  of  milhafy  flyii^  is  taku^  place 
overland  wfatchhm  a  cold  ctimale.  Aircrew  havi^  to 
abandon  their  ancraft  over  such  terrain  face  the  haaids 
of  hypothermia  and  cold  ir^ury  during  their  anempts  to 
survive.  In  addition,  the  large  distanoea  and 
unpredictable  climates  of  these  arem  mean  that  rescue 
times  may  be  much  greater  duu  in  temperate  regioos. 

Ideafly,  aircrew  would  be  provided  with  sufifrcieot  extn 
dodung  and  survival  equipmerd  in  their  personal 
survivd  pa^  to  ensure  that  they  would  not  become 
faypotfaennic.  However,  space  is  limited  in  survival 
pads,  particularly  in  ejecnon  seat  aircrafi,  and  padks 
may  be  lost  during  airaaft  abandonmem. 

Consequently,  aircrew  nuy  have  to  survive  wearing 
only  the  doming  worn  in  the  cockpit  Itisilms 
desirable  to  be  able  to  provide  advice  on  the  amotmt  of 
dodung  that  should  be  worn  to  prevent  heal  lore  in  the 
environmeias  wtach  may  be  encountered. 

The  rate  of  body  cooling  on  land  is  determined  by  a 
laige  number  of  fodors.  These  iodude  air  temporature, 
windspeed,  humidity,  radiam  heat  exchange,  the 
amoimt  and  type  of  clollmig  wtun,  and  the  responses  of 
the  individuaL  The  latter  include  metabolic  and 
vasonrotorreqiooBes,  which  mw  be  influenced  by  the 
stale  of  fitness,  nutrition  and  body  composilkm. 
Behavioural  responses,  such  m  exercise  and  the 
provision  of  fire  and  shetter,  are  major  detenninanls  of 
body  coding,  and  it  k  therefore  necessary  to  consider 
the  worst  case  of  the  iiqured  or  exhanstea  survivor  who 
is  unaMe  to  do  anything  to  improve  his  siluatioa 

It  is  possible  to  predict  the  rate  of  core  cooling  of 
passiye  individuals  expored  to  diferentenvirormieoul 
condilioiiB  and  wearing  difierem  dodung  by  human 
eroerimeiUatioa  Strii^ects  may  be  expom  to  a  variety 
orcondHkmB,  sod  their  thermal  re^nnses  measured. 
Ifowever,  due  to  ethical  and  safely  considerationB  the 
eiqiosnres  must  be  lioMted  in  time  or  severity  to  ensure 
that  the  core  temperature  does  not  fall  below  a 
predeteimined  safe  level,  and  re^onses  outside  the 
experimental  range  must  be  surmised. 

A  more  versatile  approach  is  to  utilise  a  mathematical 

been  developed,  and  have  readi^auS^  level  of 


sophiaticaiioodX  Models  have  been  used  to  good 
emct  to  predia  survival  limes  for  the  sunpler  case  of 
immeision  in  water  (2),  and  to  provide  guidelines  on 
tbe  amouM  trf  doduiig  which  anould  be  worn  under  an 
immeisicn  amt  to  achreve  amvival  times  in  excess  of 
pnmcted  leacue  times  Cor  given  sea  lempeialmes. 

The  great  advanfoge  of  adopting  the  modelling 
apprmKh  is  that  it  allows  prediraonB  well  outside  the 
eiwelope  considered  ethical  for  human  experiments. 
Ifowever,  wiihom  adequate  validation  of  such  models 
by  meaen  of  comparison  with  human  data,  the  results 
must  be  treated  vw  the  utmost  caution. 

A  model  could  be  considered  to  be  reliable  if  a  was 
able  to  reproduce  die  cfaai^ps  in  core  lenqicrature 
observed  m  subiectt  exposed  to  tbe  condilions  under 
conskferatioa  Ifowever.  this  has  the  same  limitations 
as  using  human  data  alone,  Le.  the  paedicted  values 
outside  the  range  of  the  human  exposure  caonoi  be 
verified  by  extrapolalioiL  A  better  approach  is  to 
attempt  to  vahdate  the  component  pam  of  the  model  in 
a  set  of  less  severe  conditions,  by  measuring,  for 
exan^,  surface  heat  flux  and  metabolic  rale  in 
addition  to  core  tempeialuie  (3).  If  it  can  be  shown  that 
afl  the  components  are  in  accoirlanoe  with  observations 
in  the  mnower  range  of  conditioos,  more  weight  can  be 
given  to  the  predictioos  which  lie  outside  the  verifiable 
range. 

This  paper  describes  an  experimeitf  where  subjects 
were  exposed  to  cold  air  ara  tfanr  thermal  and 
metabofic  responses  were  recorded.  Tbe  results  are 
analysed  in  the  fight  of  model  predictions,  arxl  the 
fretois  wfaicb  are  responsible  ror  individual  variation, 
and  which  nuist  tbeieCore  be  considered  in  the 
construction  of  sn  adequate  model,  are  discuned. 

2  METHODS 

Smkjteti 

The  sidijects  for  the  experimeiil  were  8  heaMw  male 
voiimleers  (subject  data  shown  in  Table  Ij.wnohadlhe, 
experunemal  procedure  fully  explained  to  them,  and 
sign^  consent  forms  in  accordance  with  the 
remnwmeiits  of  the  RAF  inslitnle  of  Aviation  Medicine 
Ethics  Committee.  They  bad  not  leoemly  been  exposed 
to  coM  stress.  They  were  medically  inqiecied  prior  to 
undergoHM  experimeotation.  including  a  12-lead 
efectrocarmogram. 

Exptrlmtmtat  dri^gn 

Earo  rabject  underwent  exposures  to  cold  air  in  a 
climatic  chamber  not  exceeding  2  hours  in  duration, 
during  winch  time  rectal  temperature,  skin  and  clolhing 
temperatures  and  heal  flux,  heart  rate  and  mettibolic 
rate  were  measured.  The  environmental  conditions 
were  mauidained  as  foOows:- 


Condition  1  -12.5'’C,  Windspeed  <  0.8  mk 

Conditioa  2  -12.S”C,  Windspeed  S.2  ±  I  mk 

Condition  3  -26.S”C,  Windspeed  <  0.8  m/s 


Presented  ai  an  ACARD  Meeting  on  The  Support  of  Air  Operations  under  Extreme  Hot  and  Cold  Weather  Conditions’,  May  1993. 
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wtiofe  body  isiMdiBoe  i 


BachMliiiKl  wteei 
vriduheexocptiooc 
enoiHRoaly.  Ali 
lfiiil.aiid*eHba 
roedoioierd.  Bachi 


oied  to  cacb  of  die  3  ooodiliaai, 
wfcject  DL  who  loot  port  in  «ie 
tocoodidao 

eontef  of  condMone  weo 
bodalleaeldShonn 


The  edbjecti  weee  inelranMaled  at  0S30h  in  X  room 
wMidrtrirteHiptJrtuienirinteinBdat22*C.haviiM 

dM60  w  OVBflKJEMwf  flDB  flDUHDBO  Dufll  VCSe  OOOBCe 

licQDOl sn viiNKoo non ■Hpnicpt.  roofio 
iiHomfnuoioo,  the  nibiecm*  heixhi,  node  warix 
(Metder  ID3  Mrtice).  oeri  ridn-^ddckiieaB  014  ritts 
weic  eaeaeoied.  An  eeiinuoiaa  of  die jpocentafe  body 
fin  conieol  of  each  eotject  woe  made  w  neaanring 
wboie-bod^leclrical  onpedioe  (Tyrta  Body  Frt 
AnaiyKrXThe  enb)ect  ineerted  a  seriea  400  lecial 
tfaeniuamrto  lOcm  part  the  anal  manin  and  a  leooiding 
(dtais Rcial teaepeiinne waa BMde.  ranehert-Qnx 
tmadooer  dUi  (Hanlxni  Aaaodalee  Part  No  HF147- 
197),  lecalifatMed  by  the  aiediod  deacribed  by  Sowood 
(4),  weie  affixed  to  the  akin  eaine  doitble^ned 
adheaive  film  and  diemiallyconoiictingpaate 
(Bc0dieiniTC4)  at  the  ahea  flailed  inTride  2.  wUch 
weie  adapted  fiom  Befletal(S)loincanKwatea 
foiehead  tile.  Standaid  BCG  electiodex  (SAW  Meifioo 
Ibkidk)  weae  affixed  to  the  cheat,  and  the  aoMecl  dien 
dieaaed  in  a  alandaid  doddna  aaaembiy'cooaaRifrt  of 
cotton  loof-jobne,  cotton  roO-neck  abut,  bft  14  RAF 
flying  GovoaO,  2  paha  of  len^oop  aocka,  "Mnklok'' 
fiiot  wee mbBei,  oon^iriaing  a  felt  amer  boot,  meah  aole 
and  agdon  onler  boot,  bdned  inner  elovea,  knilled 
miliena,  iaunenion  miUena,  a  bolacttva  hood  and  an 
RAF  aocaewaarvival  hood.  TheinxalrtiooofdHa 
doddng  axaembK  waapievioaaly  deleinuned  to  be  1.09 
do,  meaained  nami  a  inennal  manAin  (Cold  TIM2)  in 
rtdlair.  A  finther  9  heat-flax  tnmadnoeia  were  affixed 
to  die  doddng  aatfitoe  at  ahea  ooneaponding  to  Ihooe 
on  the  Ain. 


Fallowini  inrtiunienutioii,  the  aaiyct  waa  aealed  at 
feat  in  a  nennally  neattai  envifoianeot  and  a  finther 
leaifing  of  lectal  leaqierainee  wax  noted.  He  beerthed 
for  10  ndnniea  dnongb  an  open  feapnatory  dicaii 


2  of  right  bkepa 

3  Right  Irtctal  fineam 

4  Ri^  anterior  abdomen 

5  Rii^mderioracapnlar  angb 

f  !iSSj3ESffi5.““ 

g  Right  aiaefioribi|jE 

9  Right  medud  gaatrocnemiBB 

compiia^  a  <tay-gaa  meter  (Paitinaoo-Cowan).  wide- 
boie  labxrt  and  one-way  valve  box,  and  a  mixhig  box 
bom  wtaa  aamplea  of  dried  expired  air  were  paamd  to 
an  oxygen  analywr  (Servomex  $40A)  and  a  cartxm 
dioxiae  analyaer  (P  K  Mor^X  The  diy-gaa  meter  wm 
fitted  with  a  tranaduoer  to  rive  a  digilal  imwNil  of 
mqiiied  arinate  vofinne  (Hcwlett-nckanI  leapiiatory 
integrator);  die  output  of  the  gaa  analyaeia  wax  to  a  two- 
chamel  poi  chart  recoider,  me  remonae  of  wbich  wm 
caUbiatod  againrt  rtandard  gaaea  (BOC)  at  the 
beginnii^  mning.  and  at  the  end  of  eadi  experimenL 
The  rertiog  metwoBc  rate  wm  calculatrd  over  the 
aecond  S-Bwane  period  by  appUcabon  of  the  Weir 
foniMda(6X 

The  anbiect  then  enteied  the  pre-cc^boned  cliroabc 
cfaambei  and  wm  aeated.  aemi-iediniiig  and  fiaana  into 
the  airflow,  in  a  hammock-type  seal,  desig^  to  allow 
nuudmum  expoame  of  the  smqect  to  the  an.  He 
brerthed  conUnoouaK  through  the  reqiiirtoiy  dicuit 
deacribed  above,  and  the  average  metwolic  rale  over 
the  laat  3  miiaitra  of  every  15  minole  period  wm 
calcolaled.  The  outpula  of  the  rectal  temperature  probe, 
hert-Snx  tianaducria  and  BCG  leada  were  led  to  an 
aotonubc  datalogger  (RAF  lAM  Syatema 
Bngmeeihig),  saaiBed  every  five  mmoiea  and  atoned  on 
magnetic  (faac  (BBC  micro  computer).  The  BCG  and 
cliiicri  cooditioo  of  the  subject  were  coobnuafiy 
monitored  throughout  the  experiment  The  exposure  to 
the  odd  envifooment  wm  teiminaled  at  the  request  of 
the  adbjecl  or  die  tfiscrebon  of  the  supervising  medical 


oIttEar.  tf  tte  Mctal  iBiiipmliM  fea  beiow  35*C  Of 
atalhoM.  The fotjoct WM ihea oBihfml Md 
iBiMMed  hy  i— MnioB  in  aiiioil  wHBr  d  wtidB 

ncld  Maamlwe  coadoHd  to  be  iMiiiioiod,  oniil  it 
MtMvd  to  wittiB  OJ*C  of  iii  brilid  vate. 

Sabjeci  i:£  only  look  port  Id  ooe  Inal,  wl  wai 
thMM^  fr^dieaBgl^f^  iruibi  to  ^ 

heat  flox  of  the  iIdb  and  dodi^  MifiHe  weie 

an  aeeo-baaed  weigfaiiBg  den^  Hoot  Hayes  ei  al  (7). 

If  data  was  loal  froB  an  individBal  heat  IhH  inaadner, 
as  was  the  case  in  a  aaudl  noaaber  of  now.  its  value  waa 
cstiinatedby  hneafiegiesaioaoalheooiiiBletedataaet 
InhiaUy,  anai^  of  vwianoe  was  andeftacen 
oooaidefiQg  ne  bcton  of  thne  and  coodiiioo  (fixed 
effects),  and  auhiect  (landom  effect^  lb  suaphiy  the 
arndymandinteipeetalionoftliechaiigesofmeawiiei 
with  tiflw,  the  tine  come  was  expieam  cither  n  an 
ex|>oaeiitial  decay,  or  a  Hnear  tteod.  Analysis  of 
variance  was  then  amiied  to  the  parameten  of  the  fitted 
fonctioa,  removing  tune  as  a  factor.  The  euwoential 
trend  was  uaed  for  surfree  tenmratnrea  ana  heat  flux, 
while  the  lurear  trend  wn  applied  to  rectal  tempenture. 
In  the  case  oi  the  exponential  decay,  the  final  1^1  was 
regarded  as  the  key  paiameter. 

Btth  CeayorUfsn 

Subiects  were  divided  into  2  "fatness”  groops  (GP)  on 
the  basis  of  their  mean  weighted  atrinfold  thickness, 
with  the  divisioo  at  an  MwCT  of  1 1.5mm,  in  an 
attempt  to  investigate  the  la^  inier-subiect  variability 
in  Ihennal  response.  In  additian,  since  metabolic  rate 
was  peedictea  to  be  affected  tre  bo(fe  mass,  the  anM^ 
were  also  split  into  2  groops  (GW)  by  wei^  (see  Table 


lABL£i 


CHIOUPI  "nmmei"  lighter" 

GROUP  2  "ftttei"  "Heavier” 

The  actual  aOocatioo  of  subjects  to  these  groups  is 
shown  in  Table  4. 


TABLE 4 

Alinrarinn  of  Snhpcts  to  Pjtm-M  mt  Rfeietu  Gimnw 


SUBJECT _ QE _ Q3L 

LS  1  1 

GM  1  2 

HD  1  2 

AC  2  1 

JM  2  2 

CM  2  2 

WC  2  2 


MtthnutMMtMIbif 
The  mathematical  modu  used  m  this  study  wm  the 
Texas  model,  as  described  by  Wisder  (8, 9),  modified 
to  give  a  better  rqsesentation  of  counter-cmrenl  heat 
exoiatige  between  veins  and  arteries,  and  an  improved 
repieaeitatioo  of  body  composition  (2).  Model 
simnlatioos  of  2  bom  dunMkm  were  nm  using  the 


parameters  of  each  individuai  exposure  (the  weigla  and 
mean  weighted  akinfold  Ihicfenesa  of  each  autject,  the 
temnerawsr  amidre  wiiidapried),andaaiBglcclodiing 
ihifkneas  yielding  a  value  of  1  do  (without  the  air 
boundm  layer)  which  appeotuamtes  to  the  nrenlation 
wora  Tire  aimnlaMd  physiological  parasretm  were 
then  compared  wife  those  adnwly  recorded  in  the 
chmatic  ewambrr.  at  S  asimne  intervals  in  die  case  of 
trmparaniaea  and  heat  linses.  and  at  15  atinuSt  intervals 
for  metabolic  rate,  aaioganalyais  of  variance.  Sinoe 
there  wm  a  hi|^  degree  of  corrdation  between 
ancceaaivc  devutiona  of  observed  and  predicted  vahaes 
for  rectal  temperatnre,  key  cornpaiiaoM  were  asade  by 
comparing  the  observed  and  aimulaled  gradieaaa  of 
temperature  witii  time.  To  reduce  bim  due  to  subjects 
faifang  to  complete  the  entire  2  hoar  enwaure,  the 
compariaoo  of  dau  wm  trancatrd  at  9ri  miiwtrs 


3  RKSIILTS 
ReeSsI  TVntprmtnre 

Hem  I  shows  the  rectal  tcmperatuies  of  all  the 
aubjects  throughout  then  exposures  to  the  3  coeriitioiis. 
In  d  cases  die  final  temperature  is  less  than  Ha  startiog 
value,  ahhou^  it  is  apparent  that  the  rale  of  CaO  of 
rectal  temperature  shoure  a  large  degree  of  variation 
between  subjects.  There  is  a  difference  between  the 
falnem  groups  ( p  <  0.01 ),  but  no  evidence  for  a 
difference  betweim  the  3  conditioos.  Hiting  a  linear 
model  to  the  rates  of  fall  of  cere  temperature  and 
declariag  time  m  a  linear  trend  yields  similar 
conclnsioos.  Hgure  2  shows  the  mean  rectal 
temperaturm  for  the  2  fatness  groups,  together  with  the 
values  predicled  by  the  computCT  model.  There  were 
no  demonstrable  systematic  variatioas  between  the 
observed  and  smtuated  rei^  temperatures,  ahhough 
there  wree  dearly  random  deviations  associated  wim 
the  compariaoo  of  uxiividual  subject  responses. 
Dividing  the  population  into  2  groups  on  the  basis  of 
mean  wdphiM  skinfold  Ifaickiim  explains  69%  of  die 
variation  m  observed  mean  rectal  tenmraiiHe  between 
subjects  over  90  minules.  and  80%  of  die  vaciatioo  in 
downward  trend.  The  coneawoding  values  for  the 
computer  simalalioaB  were  66%  and  59%  lesaeclively. 
It  ia  dear  that  the  model  is  sunulaling  gross  <&oges  m 
core  temperature  with  time  arri  condmon  reasonmy 
leliaUy.  and  that  a  simple  divisioa  of  the  population 
based  on  skinfoid  tfakkness  allows  predkaioo  of  a  large 
degree  of  the  observed  variation  in  response. 

MttaMkBaU 

The  observed  and  simulated  values  for  metabolic  rale 
are  shown  in  Hgure  3.  Metabolic  rale  rises  with  time  in 
aU  three  conditions.  Aiudysia  of  variance  shows  that 
for  the  observed  values,  there  is  a  diflerence  between 
conditioo  1  and  the  other  conditirms  (p  <  0.001),  and 
drat  diere  is  also  a  sigruficant  rfiffeienoe  between  the  2 
weight  groups,  GWl  and  GW2  (p  <  0.05),  in  tirre  with 
the  expedition  dial  metabolic  rate  would  be  higber  in 
heavier  indiidfa^  No  sinficant  dilfeicnoe  could  be 
demonstraSed  between  the  z  fatneaa  groups. 

Table  5  details  the  mean  observed  and  simulated 
values.  Analysis  of  the  difference  between  them  shows 
that  the  shmiuted  metabolic  rale  exceeds  the  observed 
in  condition  1  (p  <  0.05),  but  does  not  differ  in  the  other 
conditioas.  The  general  shape  of  the  rise  with  time  is 
apparently  simolared  adequately. 

Mean  Wtlgf^tdSUH  Ttmmtnimn 

Parametric  mvestigation  of  mean  weighted  skin 
tenyeratuie.  as  dracribed  above,  yicMB  a  gorxl 
expenential  desciiption,  with  a  clear  effect  of  condition 
(p<  0.001).  The  observed  aiKl  simulaled  values  are 
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iveeo  cooiiiiaiM  (p  < 
0.QSX  Then  wwaoevidBnoeofadifineiioelwtBmo 


The  ol»eived  end  enwOned  eniililiriMa  leaycnOMee 
an  dteptawd  ia  TiMe  6.  The  onencd  lenpenmn  an 
cooiiderapiy  hiiber  ihao  the  aimBlaird  vanea  (p  < 
0.01),  and  mia  nfloenoe  ia  vaiiaUe  between  condhiaae 
(p<0.05).  Then  ie  no  evidence  of  a  difiennce 
between  faneae  giwpa. 


iUm  WMimtSUmMmgfme 

Mean  wci^ned  akin  heal  an  penenBy  foBowa  die 


aiaiitar  eflecis  of  oonditiaii,  bn  in  dM  can  then  ia  a 
t  proijipe  (p  <  0.0IXJ 
Erani  nn  nin  l 


ibenCmi 


Mean  WtIgliitiCiHUHgSmfKtnmptntmn 

The  leaipmiBna  ncoided  at  the  dothiM  avboe  at  the 
Hnal  and  anterior  thigh  aina  varied  oonaidenbiy 
1  Iriala,  dae  to  On  ponan  of  the  anna  adopted  w 
I,  which  wae  deUbeiately  anronaiiained.  To 
ifbrihiainr 


tfagh  which  yidda  a  Ctir  eapooential  deacriptioa.  and 
ooaigpaficaaieflectofGoneaanotn.  Howe^ 
appraacfa  ia  probabiy  not  jaaiinM  dae  to  the  1 
ncfiniBg  poatan  of  the  aabject,  with  ha  i 
aaynawctiy  of  boandatylyriiitBlatioii.  which  wonM 
be  capected  to  prodace  hinief  tmperatana  anteiiotiy 
'  '  ly  in  the  conditiooa  whhon 


Conaideiaiiao  of  the  ain^  ahe  on  the  apper  back, 
wfaidi  ia  anhki^  to  be  uecled  by  poatne,  yidA  a 
aawBeflectofatneaa  groan  (p<  0.1)  in  tin  anticipated 
daecrioo,  te.  the  thtaDer  auividaab  cxhihit  hiaher 
tenpemnea.  However.  Unle  can  be  dedaced  nom 
oooaidenMioo  of  a  ah^  the,  pairicalatiy  one  when  the 
capacity  lor  vaaongindioo  iaiaBited. 


Mtm  WtkMCItiUKgHmPImx 

Analyaia  <»  variance  on  un  lenninal  dodang  heat  flax 
data  abowa  ao  evidence  of  a  diffennoe  betwm 
conditioat  or  btneaa  groapa.  Hgan  5  deatonatratea  the 
companr  aanalttioiia,  winch  an  highn  than  the 
obaoved  vahna  (p  <  0.Q5),  with  no  evidence  of  a 
(hfleience  in  model  accancy  between  conditioaa  or 
fianengioign. 


4  msugsiow 

Providiiig  advice  on  the  anioont  of  manlative  clothing 
which  ahoold  be  wotn  by  an  aviator  flying  over  a  cold 
land-imna  will  inevitabiy  be  a  compniain.  The 
demand  for  adei{Dan  thennal  pionctioo  againat  the 
haerinat  climatic  condiliona  Kkeiy  to  be  encounteied  in 
the  me  event  of  aiicraA  abandoianeot,  which  moat 
probably  wooU  leipiiie  theroially  atiessfiil  dodang  of 
extreme  balk,  ia  in  conflkt  with  the  desiie  for  thetmal 
and  phyaicai  comfbit  in  the  cockpit  for  the  p^otmance 
of  the  priniaiv  flying  task.  The  lange  of  environmental 
cooditlona  wnich  may  be  experienced  nnder  the  flight 
p^  of  a  modem  military  ancrafl  in  the  conne  of  a 
siii^  sortie  may  be  extremely  wide,  and  it  ia 
anrealiatic  to  attramt  to  dreaa  aircrew  for  nnaided 
amvival  in  all  poaamle  acenarioa.  Thn8,when 
conaideriiig  "men  to  aurvive"  advice,  it  ia  cnicial  to 

expecteS^dtothiiig  aaaemMies  in  tefSaofST^ 
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Tte  MM  is  fMier  clowlBd  Iw  llie  iniieteflt  variability 
ofwyiiMof«divaM|Ki|ialalionofipdiviiliMls 
eqxim  10  aqr  phyadogicai  sdasaor.  This  study  has 
devly  deasoiMtMd  Ite  espooHie  of  even  a  ssaafl 

SsswiBaddSpMO^SMS^  wMI  proSg  disiigEa  in 
cose  tsaspenituie  noflo^  froas  nealigible  daoesaes  to 
nadpitous  Uls  wfaiai ,  if  undiaaea,  would  be  rapidly 
nasi.  Claaily,  it  is  desiisbls  to  arienyt  to  qusoti^  Hus 
variability,  sod.  if  possible,  to  piediGl  the  leapouae  of 
iadiviiiaM  in  temss  of  aseasunMe  physical  pstameteis. 

The  most  obvious  characteristics  of  an  iudividnal  wtiicfa 
could  be  expected  to  influeiice  his  heat  excliai^  with 
the  envifoament  ate  his  sixe  and  boiW  coraposniaii,  and 
it  has  hng  been  recogniaed  that  the  nineas  of  so 
aadividoa  will  have  a  pnrfound  effect  on  his  rate  of 
cooling  (12),  and  also  on  Us  metabolic  response  to  cold 
stress  (13).  Heij^  and  weight  ate  easy  to  measure,  but 
the  insulaiion  anoided  by  the  subcutaneous  tissues, 
prindpaliy  fat,  is  much  haider  to  quantify. 

Tiaditioiially  te  method  employed  has  been  the  one 
uaed  in  tUs  study,  viz.  measurement  of  skin-fSd 
tfakkness  at  a  variety  of  sites  using  callqreis,  and 
dodudn^  mean  value  with  appropriate  weighting 
fectofs.  llie  techmque  has  bcM  shown  to  produce 
vahies  which  carrelate  weD  with  other  mednods,  such  as 
under-water  wei^img,  idtnsooogiaphy  and  magnetic 
resonance  imaging,  bm  it  is  a  v^  user-dependent 
technique,  and  considerable  variatioo  in  measutemera 
can  be  produced  by  different  cneiaiors  (14).  More 
recently,  whole-body  electrical  impedance  has  been 
used  as  a  measure  of  body  fat  content,  but  the  results 
obtained  are  dependeiM  on  the  hydratioo  status  of  the 
imhvidoal  and  am  tecfaniqoe  requiies  further 
investigatiaa 

TUs  study  has  shown  that  a  large  proportioo  (up  to 
80%)  of  OK  variability  in  the  rale  of  tall  of  core 
temperature  in  the  conditions  studied  may  be  accouMed 
for  m  terms  of  body  composilion,  simply  by  dividing 
the  subjects  into  two  groi^  on  Ite  bans  of  their  mean 
weighted  skinfbM  tUckness.  TUs  is  obviously  of  great 
sigmficance  if  meaningfh)  predKtkms  as  to  rate  of 
cooling  are  to  be  made  for  dhreraepapalalians.  Ilia 
reasanring  that  the  verskm  of  the  Texas  model  used  in 
lUs  study  produces  predictive  results  which  show  good 
concordance  with  the  actual  results  of  the  human 
expethnents,  when  the  same  division  imo  two  fnness 
groups  is  made. 

A  number  of  probity  remain,  however.  TUs  study 
fails  to  address  the  issue  of  uMia-individnal  consistency 
of  le^Mnae,  since  each  subject  was  exposed  to  each 
cotuhnon  once  only.  While  anthropoiiieliic 
consideiatioos  are  able  to  account  ror  a  proportion  of 
the  variaUUiy  seen  between  subjects,  k  remams  unclear 
m  to  the  spiM  of  tesponae  wkhin  each  subject 
Certainly  a  variety  of  GKiors  can  alter  the  metkbolic 
response  of  an  individual  to  a  cold  stimulut,inclnding 
Us  state  of  nutritioo,  physical  fitness  and  level  of 
exhaustion,  and  Us  emotional  state,  aD  of  wUch  are 
to  vaiy  from  tune  to  lime.  He  wfil  also  certainly 
exUUt  the  randomnem  of  teywee  that  is  characteristic 
of  biological  systems,  and  urUch,  witfioal  the  indusion 
of  atochnslic  esenaems,  a  mathematical  model  wifi  not 
anmdate.  TUs  iidieienl  variabifily  of  response  will 
compound  any  diveinenoe  between  model  predictions 
and  physioiopcal  reality. 

Given  that  the  response  of  individuab  wfi]  vary,  even 
dier  te  eflecls  or  body  morphology  have  been  taken 
imo  account,  and  that  even  the  best  model  will  never  be 


compfetely  accurate  in  ks  prediclioos,  one  is  then  faced 
widi  the  problem  of  deteimirang  at  what  levd  of 
arahropometry  survival  curves  mould  be  (hawiL  if  a 
single  measure  of  morphology  were  the  onfy  factor 
deterauruna  die  reaponae  of  an  individual  to  a 

given  aet  of  enviromnental  dreumstanoes,  one  could 
detetmioe  a  nedicted  cooling  curve  for,  say.  ttae  lOlfa 
percentde  oi  the  population  under  consideiaiioa  (wUcb 
of  comae  for  aircrew  may  not  be  the  same  as  for  the 
general  populalian),  and  nave  a  Ugh  degree  of  certainty 
uw  (be  teaporises  of  90%  of  die  populsiioa  would 
indeed  lie  above  the  curve.  However,  with  a  siMficaM 
degree  of  individiial  variation,  it  could  well  be  mst  a 
m^  Ugber  number  of  icspooaes  wiU  lie  below  the 
curve  lUm  the  predicted  10%.  The  safen  inaigin  may 
be  unproved  by  miottng  curves  for  smalfer  indtviduau, 
e  g.  toe  5ifa  or  310  peicemiles,  but  if  lliese  values  are 
being  used  to  determine  the  required  insulation  of 
flying  doiUng,  one  wiU  then  be  imposing  a  large  and 
urmecessaiy  tbetmal  load  durirre  fii^  opeiati<ms  on 
the  larger  members  of  the  populmion.  Linking  clotUng 
lecommendalions  lo  iixlividual  aruhtopomcoy  is  one 
way  around  tUs  issue,  and  wUle  the  actual  level  at 
wtttch  survival  curves  are  quoted  is  more  a  matter  of 
pUlosofUiy  tliao  physiology,  k  is  important  to 
appreciate  the  lack  of  piecisioo  that  is  infaerem  m 
attempting  to  predict  me  behaviom  of  Uological 
systems. 

Bearing  these  provisos  in  mind,  we  may  consider  how 
weU  placed  we  are  to  make  useful  predictions  of 
survival  times  for  the  downed  airman.  TUs  study 
utilised  s  modified  veisioo  of  the  widely  used  Texas 
model  of  thermoregulation,  and  there  is  Iktfe  doubt  that 
it  is  providiag  a  reasonable  estimate  of  the  behaviom  of 
rectal  ttmpefature  over  the  first  90  minutes  of  exposure 
to  the  conmtioris  under  consideralion.  It  also  handles 
the  variation  attributdife  to  friness  with  a  reasonable 
degree  of  accmacy. 

The  model  harxlles  some  of  the  other  parameteis  less 
weU,  wUch  casts  doubts  upon  tiie  relimioe  that  may  be 
placed  on  its  mictions  outside  the  envelope  of 
validatioa  while  metabolic  rate  is  predictra  weU  in 
conditions  2  and  3,  k  is  not  simnlaM  correctly  in 
condition  I.  and  thus  heat  balance  is  not  modelled 
correctly  in  tUs  case.  However,  the  model  is  a  closed 
loop  system  wUefa  is  homeostatic,  and  lUs  is  likely  to 
help  k  get  close  to  observed  values  for  controlled 
vankbies  soefa  as  rectal  temperature. 

The  agreement  between  observed  and  predicted  values 
for  skin  temperature  is  poor.  There  are  a  number  of 
possible  reasons  for  tte.  There  were  technical 
difficulties  with  some  of  the  surface  transducer  sites, 
due  to  subject  posture,  wUcb  iiuy  have  prodhiced  errors 
in  the  observed  results.  It  may  be  that  (here  is  a 
Knra  inadequacy  in  the  model  in  tUs  area,  altbongb 
Ois  is  unlikely  in  view  of  its  performanoe  in  other 
req)ects.  Tire  most  likely  explanation  is  that  the 
repnraentation  of  the  doming  assembly  in  tUs 
particular  sunulatioo  is  too  crude.  The  clotUng  was 
modelled  as  a  single  layer  of  wind-iesisiam  koMrikm 
over  the  entire  body,  giving  an  insniation  of  I  do, 
designed  to  uproximate  to  the  value  determined  for  the 
actual  assembly  ^  manikin  measmemem.  However, 
considention  of  twie  7  shows  that  in  condkioa  2, 
where  wind  was  present,  there  is  poOT  concordance 
between  the  obsnved  skin  and  dodung  beat  flux  data. 
This  is  due  to  wind  penetratu^  the  doming  assembly, 
altering  ks  intrinsic  msulation  and  promoting 
convective  cooling  wktain  it;  cenmiriy  the  interactions 
of  heal  exchange  wkhm  the  dolhing  are  more  complex 
than  fire  model  is  picdiGt^.  The  model  has  the 
capacity  to  handle  more  involved  dodiiiig  assemblies. 


•  • 


•  • 


TAM.R7 

■iwAaiainttriniM 

mWD  «WHP(Wte*KajffrHlMOHP(WM*) 
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101.1 

109.8 

2 

174,0 

136.0 

3 

I36l2 

134J 

and  ilia  it  M  avcme  for  fiiMfaer  woik. 

A  hnlier  poiol  of  ioienai  deoMHMlfaied  in  Table  7  ia 
tbit  oonaidenlioa  of  die  videea  for  Ain  taeM  fhn 
leveaia  a  larfe  diffemioe  in  ibe  aaMMm  of  heat  kM  in 
oondilioo  2  coaapawd  to  condbion  3  (p  <  0.001), 
abhonth  the  Boaivalett  Cbil  Teatpenhifea  of  te  2 
coodiliona.  aa  derived  Groni  Siple  lod  Paaael  ^13).  are  in 
fact  very  abniiar.  ThiaiaaBa^deuwnalranonoftfae 
wett-Moofpiaed  bot  that  (be  What  Gbilt  Indea,  ettale 
oaeliil  for  predicting  (he  effect  wind  on  (be  cooling 
of  enwaea  fleali,  ia  not  an  appropriaie  tool  for 
predtctiiv  total  beat  hna  bom  cnthed  individBala  (14). 

A  potential  proMeni  wilh  die  dolbingaaaeai^  (and  in 
daa  study  conoema  the  dutribotian  of  inaulation  over 
Ifaebody.  Radier  than  being  untfonn.  there  waa  an 
excesa  of  inanlalioo  over  the  hands,  feet  and  head.  This 
waa  deliberately  anare^  to  promole  body  cooling,  but 
to  miiumiae  the  risk  or  cold  iniiny  to  the  peripheries. 
However,  (his  may  have  a  number  of  effects.  I%stly, 
aU  das  heat  flux  transducers  were  poaidoned  under  areas 
of  leaser  clothing  insulatioo.  so  the  observed  mean 
weighted  heat  flux  values  for  the  whole  body  may  be  an 
over-eadmate.  Secon^,  it  is  passible  that  tnis 
dist^aition  of  msnlation,  and  the  comeauem  alternioa 
of  (be  normal  akin  temperature  gnaliem  between  the 
trank  and  the  periphery,  may  alter  (he  response  of  the 
tfaeimcsegnlatoy  Gondolier,  and  allow  body 
temperanrie  to  an  faster  than  would  odrerwiae  be  the 
case.  This  pbenomenan  has  been  demonatrated  in 
water  (15-17),  and  is  cmienliy  the  subject  of 
invesdgalicn  in  air.  Itmayexphunw^care 
temperature  is  allowed  to  aOmconditroa  1  at  the  same 
rate  aa  in  the  mote  extreme  condidanB,  when  there  is 
dearly  phyriohmical  capacity  to  oppose  the  beat  loss, 
ahbouilr  it  may  be  argued  dua  the  mean  skin 
temperature  was  simm  not  low  ctmuih  in  das 
condition  to  trigger  me  necessary  responses  (18). 

One  fuilhcr  point  drat  needa  addressing  before  the 
cooling  craves  produced  tw  the  model  could  be 
regarded  as  useral  survival  craves  is  the  question  of 
wbt  happens  to  metabolic  rate  beyond  die  validated  90 
minute  poim.  The  body  has  a  finite  capacity  to  produce 
heat  by  mcieaaed  aaetabolism,  and  the  ntigning  of  this 
medrnniam  is  lifcely  to  define  the  limit  of  sravi^  in  the 
lem  rap^  fatal  oondhiona.  Ihe  model  incorporM  a 
siirmlriiontrf  this  fotiaiing  of  metabolic  rate,  but  it  at 
present  lemaios  unvaudaied  in  dreae  oondkiaris. 

It  appears  dren  that  we  are  wdl  ptoced  to  describe  a 
large  proportion  of  (he  individual  variation  in  GrO  of 
COR  ternpefalnie  hr  terms  of  botfy  morpholoay,  and 
that,  with  refinement  of  the  rnresentahon  ofdodiing 
and  metabolic  tesponae,  a  model  similar  to  the  one  used 
in  dna  study  would  be  able  to  provide  phursible 
bomrdary  survivai  times  Gsr  a  variety  of  comfitiona,  and 
hence  recommendations  on  ie«|nired  coU-weadier 
flying  dodring.  Rmfaer  study  a  required  on  the  effects 


of  longer  draationa  of  expose  to  less  severe 
condioooa.  on  the  degree  of  intru-mliject  coosistency  of 
reaponae,  ami  on  die  effects  tddod^diairibuiioa  in 
pafeular,  the  responses  of  thinner  inmviduals  who 
represent  the  aaore  critical  end  of  the  poprdatkm,  and 
wno  were  perhaps  under-iepreaentedm  this  study  merit 
further  ioveatignm.  It  is  likely  that  Cor  all  but  the 
moat  beaigpeovirormienta,  (he  amount  of  dorhirm 
reqidaed  to  retain  paaaive  tbenrui  equilibrium  in  me 
survival  Sfrihm  would  be  onacccpiable  in  the  cockpit, 
in  remm  of  buff  and  dretmal  atseas,  and  dus  issue  loo 
requiaes  addmsing.  It  is  Curttnate  that  in  most  cases, 
Ite  aviaiar*s  of  survival  woidd  be  enhanced  by 

the  proviaioa  (rf  extra  dodring  and  sravival  aids  in 
aonre  form  of  personal  survival  pack,  and  that  he  would 
be  able  to  utiitae  the  knowlerte  and  experieooe  gamed 
during  his  arrrvtval  training.  Arture  improvemenis  in 
the  lecbniqttes  of  vacuum  pacfcmg  of  ciolfaing  and 
sleqiing  bagr  in  sravival  pucks  will  perhaps  (mcumvcm 
the  nera  for  "drem  to  survive*  policres  for  over-land 
flying,  and  allaw  aucrew  eqummem  assemblies  to  be 
optimised  for  dreir  primary  lam  of  operation  within  the 
arrcrafL 
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The  Fleet  Air  Ara  of  the  Royal 
Navy  has  always  operated  on  a 
worldwide  bas^3,  with 
environmental  e  remes  and 


therefore 
stressors 
essential 
equipment 
medicine , 
ensure  a 
modus  operandl. 
war  concept  of 


the  accompanying 
Its  procedures  and 
support.  Including 
and  aviation 

have  evolved  to 
safe  and  efficient 
The  post  cold 
operations  has 


proved  the  original  philosophy. 
Recent  events  are  discussed 
together  with  the  aviation 
medicine  Implications. 


General.  The  *Fleet  Air  Arm* 

of  the  Royal  Navy  has 
traditionally  operated  both  In 
the  embarked  and  disembarked 
roles.  The  former  Include 

fixed  wing  (Sea  Harrier)  with 
Its  air  superiority  and  anti¬ 
surface  roles:  rotary  wing, 

with  Lynx  providing  the  anti¬ 
surface  (ASuW)  and  anti¬ 
submarine  (ASV)  capability  from 

small  ships;  and  Sea  King: 
autonomous  ASW,  airborne  early 
warning,  and  Its  HC4  variant, 
as  an  amphibious  warfare 
support  helicopter ( SH ) .  Thus 
although  any  unit  may  be  called 
upon  to  operate  from  'ashore*, 
primarily  this  task  Is 
undertaken  by  the  HC4  Seeking, 


augmented  as  necessary  by  role 
SKMlifled  MR  S  and  6  ASV  variants. 

Cold  extra— e. 

Embarked.  It  is  easily  forgotten 
that  a  significant  part  of  the  NATO 
area  Includes  seas  with  even  summer 
temperatures  of  less  than  ten  degrees 
Celclus.  Thus  there  Is  always  the 
conflicting  requirement  of  aircrew 
(and  support  personnel)  to  dress  to 
survive  In  a  ditching  environment 
irtiere  absence  of  appropriate  survival 
equipment  and  clothing  would  hasten 
Incapacitation  and  death  from 
hypothermia  and  drowning  (1),  and  yet 
coiafortably  for  their  nonsal  working 
environment  to  avoid  fatigue  and  heat 
stress.  Realisation  of  specific 
hazards,  such  as  the  cold  water  gasp 
reflex  (2),  and  remedial  actions  to 
Include  short  term  underwater 
breathing  devices  (3),  and  constant 
design  Improvements  in  Immersion 
clothing  to  ensure  good  ventlle 
properties  combined  with  appropriate 
Insulative  properties  (4,5)  are 
essential  If  operational  performance 
is  not  to  be  compromised. 

Disembarked. 

As  part  of  its  NATO  role  of 
supporting  the  Commando  Brigade 
in  the  Northern  Flank,  the  SHs 
must  operate  initially  afloat, 
and  then  ashore  In  Norway. 
Here  the  temperatures  may  range 
from  above  zero  to  minus  40, 
with  all  the  attendant  cold  wet 
and  cold  dry  problems. 
Equipment  scales  reflect  both 
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n««dt.  Katlona  with  Incraaaad 
caloriaa  ara  naadad  to  cater 
for  the  phyalcal  effort 
required  to  work  and  maintain 
body  heat.  Cold  weather 
aurvlval  techniques  are  taught 
and  practiaed.  as  a  forced 
landing  or  forward  operating 
situation  may  demand  it. 
Biological  and  chemical  warfare 
(BCV)  necessitates  the  use  of 
cold  weather  specific 
modifications  to  the  standard 
assemblies  to  avoid  cold 
injuries  (6). 


as  the  helicopter  performance 
Itself. 

Efforts  to  reduce  this  have 
concentrated  on  the  maintenance 
of  as  much  heat  loss  through 
convection  as  possible.  This 
has  meant  minimising  the 
Insulating  effect  of  survival 
equipment  assemblies  as  back 
packs  and  placing  them  in 
crashworthy  seat  pan  (9),  and 
educating  aircrew  to  maintain 
body  fluid  levels  by  preloading 
and  replacement. 


What  has  been  the 
medicine  involvement? 
of  equipment  the  RAF 
of  Aviation  Medicine 
intimately  Involved 
equipment  programme, 
proving  trials,  which 
reported  separately 
meeting.  The 

Haval  Medicine 


aviation 
In  terms 
Institute 
has  been 
in  the 
including 
are  being 
at  this 
Institute  of 
provides  a 


specialist  officer  to  teach  and 
oversee  the  cold  injury 
aspects.  Those  who  may  be  at 
risk  in  this  environment,  and 
those  who  suffer  non  freezing 
and  freezing  cold  injuries  are 
investigated  at  this  Institute 
(7).  Work  is 
undertaken  to 
pat ho -physiology 
mechanism  by 
measurement  techniques  and  is 
to  be  reported  shortly  (8). 


also  being 
determine  the 
of  the  injury 
blood  flow 


Hn«-  rH— hw- 


Though  subjected  to  the  same 
direct  thermal  Inputs,  unlike 
fast  jet  or  transport  aircrew, 
helicopter  crews  do  not  have 
the  luxury  of  proper  cockpit  or 
cabin  conditioning. 
Temperatures  in  excess  of  40 
degrees  C  have  been  recorded, 
as  have  individual  weight 
losses  due  to  sweating  which 
are  known  to  cause  performance 
impairment  and  heat  stress  even 
in  the  acclimatised.  This 
’green  house*  effect  of 
helicopters  is  as  limiting  in 
operational  performance  terms 


Thm  noat  cold  wmr  era. 

Cold. 

The  comments  pertaining  to  cold 
water  survival  are  still 
pertinent.  What  appears  less 
so  are  NATO  Northern  Flank  SH 
considerations.  However 

current  operations  as  in 
aeromedical  evacuation  support 
to  the  UN  in  former  Yugoslavia 
endorse  the  principles 

involved.  Furthermore  what 

must  be  appreciated  is  that  it 
is  an  ideal  training  ground  to 
test  the  skills  and  aptitude  of 
both  students  and  fully 
qualified  personnel,  and 

operating  procedures,  in  a 
harsh  and  extremely  demanding 
environment . 

Hot. 

The  events  of  the  last  three 
years  have  amply  demonstrated 
the  problems  in  operating  in  an 
extremely  hostile  hot 

environment.  These  will  be 
briefly  described. 

Operation  CRAMBY _ 

Itoial- 

The  RN  involvement  was 
threefold. 
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ItTMi  Agyflf  QBtgitiwi  wll  thint 
iimin)  in  tbm  WorthTii  Gulf. 

Unit*  operated  in  the  fonrerd  sone 
£or  coneidereble  period*,  end 
achieved  high,  and  via  the  aedia  vary 
public,  succea*  against  Iraqi 
•hipping  with  the  Sea  Skua  missile, 
however  in  achieving  the  distinction 
of  being  the  primary  response,  long 
hours  at  either  high  readiness  alert 
states  or  actual  flights  posed  an 
extremely  demanding  regimen  on  the 
crews.  The  cliauite,  with  temperatures 
of  40**C  and  one  hundred  per  cent 
humidity,  was  stressful  on  its  own, 
but  the  BCW  threat  necessitated  the 
use  of  NBC  protective  equipment.  The 
added  therauil  load  required  a  high 
index  of  suspicion  from  the  tasking 
authorities  to  avoid  obvious  flight 
safety  considerations.  Other 
equipment  implications  became 
apparent.  The  aircrew  equipment 
assemblies  life  was  shortened  through 
the  constant  wetting  by  sweat 
hygiene  aspects  assumed  high 
priority,  and  even  colour  fast  dyes 
in  the  helmet  lining  ran  giving 
•rambo*  like  appearances  I 

SeaKing  HC4  SH  operations 

The  Royal  Fleet  Auxiliary  RFA 
ARGUS  was  deployed  in  the 
Primary  Casualty  Reception  Ship 
role  in  the  Gulf  in 
anticipation  of  the  need  to 
airlift  casualties  to  offshore. 
In  the  event  little  was  needed, 
but  the  crews  faced  the  same 
challenges,  although  flights  to 
the  relatively  benign  thermal 
environment  ashore  were 

possible. 

SeaKing  HC4  operations  ashore. 

The  primary  role  here  was 
forward  aeromedlcal  evacuation 
of  troops.  As  is  known,  the 
casualty  numbers  were  light  and 
therefore  tasking  was  not  as 
heavy  as  expected.  Nonetheless 
the  problem  of  operation  in  the 
desert,  with  sand 

recirculation,  use  of  night 


vision  goggles,  and  under  the 
BCV  threat  all  posed  some 
additional  loads. 
Paradoxically,  rain  was  a 
greater  nuisance  than  heatt  No 
undue  problems  were  encountered 
during  the  combat  phase,  but 
the  casevac  requirement 
continued  into  the  early  sususer 
with  temperatures  into  the 
40's.  The  SeaKing  has  a 
typical  helicopter  problem, 
with  overhead  glazing  in  the 
cockpit  providing  direct  solar 
heating,  and  attempts  to 
provide  some  flow  of  air  in  the 
aircraft  by  opening  the  cabin 
door  and  cockpit  windows  only 
produces  recirculation  of 
exhaust  fumes  from  the  back 
forwards.  The  aircrew  did  not 
wear  life  preservers  to 
minimise  insulation  whilst 
flying  over  land. 

Oneratiow  s«f«»  wnwn. 

The  humanitarian  crisis  In 
'Kurdistan*  followed  hard  on 
the  heels  of  GRANBY.  again 
requiring  the  use  of  support 
helicopters.  The  implications 
were  subtly  different. 
Temperatures  were  variable 
depending  on  altitude,  but  the 
greatest  threat  to  flight 
safety  was  the  field  conditions 
and  potential  for  poor  hygiene. 
Scrupulous  attention  to  food 
and  sanitation  hygiene  was 
required.  Outbreaks  of  gastro¬ 
intestinal  disturbances 
occurred  despite  all  this,  with 
the  accompanying  fatigue  and 
debilitation.  Occupational 
hygiene  expert  opinion  was  that 
the  causative  agent  was  wind 
driven  dust  contaminated  by 
sheep  droppings,  as  laboratory 
testing  failed  to  produce 
anything  of  substance.  Whether 
true  or  not  acclimatisation 
soon  reduced  the  problem  to  an 
acceptable  level. 

A  method  of  reducing  heat 
stress  at  source  is  an 
important  requirement  from  a 


m 


•  • 


pravantfttiv*  viavpoiat.  For 
BAVIN  liquid  conditioning  vasts 
vara  considarad.  Thasa  posad 
sosia  support  dlfficultias  in 
tha  fiald,  raquiring  ica  as  tha 
support  pack  boat  axchanga 
agant.  Thus  tha  obvious 
physiological  and  oparational 
banafits  ara  prasantly  baing 
nagatad  until  a  propar  support 
systasi  can  bo  incorporatod 
which  is  compatiblo  with  SB 
operations.  Tha  principle  of 
such  a  system  is  not  new,  as 
trials  in  the  1970s  were 
performed  using  a  portable  heat 
exchange  system  in  the  UK 
(10,11).  Further  trials  are 
anticipated  and  will  be 
reported  separately  (12). 

Conclusion. 

An  overview  of  Royal  Naval  Air 
Operations  in  environmentally 
hostile  areas  has  chronicled 
recent  events,  noted  aspects 
where  the  conditions  have 
either  potentially  or  actually 
impacted  on  operations,  and 
remedial  actions  have  been 
outlined . 
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1.  SUMMARY 

This  presentation  suggests  that 
inmediate,  effective  biochemical 
seasickness  treatment  for 
ditched  aircrew  does  not  exist, 
in  addition  to  the  fact  that 
the  severity  of  the  problem 
in  cold  water  survival  is  not 
currently  documented,  and  there¬ 
fore  not  sufficiently  recognized. 


2.  INTRODUCTION 

Aircrew  faced  with  survival 
in  extreme  cold  water  can  gener¬ 
ally  be  divided  into  three 
classes:  the  high  self  con¬ 

trollers,  the  barely  living, 
and  those  about  to  die  from 
seasickness. 

I  always  believed  it  was  not 
possible  to  die  from  seasickness 
but  over  the  years  during  train¬ 
ing  exercises  at  sea,  I  have 
observed  how  seasickness  can  very 
quickly  cause  a  survivor  to  be¬ 
have  in  such  a  way  that,  if  left 
alone,  would  probably  die.  If 
later  found  at  sea  by  Search  and 
Rescue,  the  cause  of  death  would 
likely  be  reported  as  drowning  or 
exposure. 

In  an  extensive  literature  search 
undertaken  by  Dr  Jack  Landolt  et 
al,  only  four  articles  were  dis¬ 
covered  that  commented  on  the 
effect  of  seasickness  on  the 
ability  of  personnel  to  perform 
in  a  survival  situation  on  the 
sea.  Landolt  concluded  in  his 
work  that  only  two  studies  in  the 
literature  actually  focussed  on 
the  effects  of  seasickness  in  the 


survival  of  castaways.  Both  of 
these  studies  suggested  "that 
seasickness  could  be  a  primary 
cause  of  death  through  choking 
on  inhaled  vomit  and  drowning  or 
through  general  loss  of  will  to 
survive,  resulting  in  secondary 
drowning  or  hypothermia" (4) . 

Through  the  eleven  years  of 
training  delivery  at  Survival 
Systems,  staff  members  have  wit¬ 
nessed  various  degrees  of  dis¬ 
ability  brought  on  by  seasick¬ 
ness  in  program  participants  at 
sea.  Their  subjective  view  is 
consistent  wi th  Dr  Landolt's 
conclusion  that  seasickness  may 
contribute  to  loss  of  life  in  a 
much  higher  proportion  of  cast¬ 
aways  than  is  currently  being 
considered. 


3.  SEASICKNESS  &  SURVIVABILITY 

My  first  experiences  with  sea¬ 
sickness  were  as  a  Sea  Kin^j  air¬ 
crew  during  three  nauseous  years 
on  navy  destroyers!  Never  hav¬ 
ing  been  airsick  during  my  first 
years  of  flying  I  discovered 
that  within  five  minutes  of  be¬ 
ing  on  a  rolling  and  pitching 
destroyer,  I  would  get  violently 
seasick  even  before  I  would  get 
out  of  my  poopy  suit. 

The  only  treatment  and  attention 
1  received  was  to  be  told  that 
it  was  all  in  my  head  and  not  to 
complain  so  much!  So  I  endured 
and  later  left  the  military  when 
I  was  threatened  to  be  posted 
back  to  sea  by  my  career  manager. 


•  • 


I 
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My  next  experience  with  seasick¬ 
ness  was  in  1982  when  I  started 
to  teach  at  Survival  Systems  as 
a  sea  survival  and  aircraft 
ditching  training  instructor. 

As  I  had  been  instructed  during 
my  own  sea  survival  training, 
and  from  extensive  reading  on 
the  subject,  I  started  by  teach¬ 
ing  our  own  students  that  sea¬ 
sickness  was  an  enemy  of  survi¬ 
val  but  that  cold  water  and 
indeed  exposure  were  by  far  the 
real  killers  in  a  sea  survival 
situation. 

As  a  company,  during  the  last 
eleven  years  Survival  Systems 
has  trained  at  sea  off  Nova 
Scotia  on  a  year  round  basis 
approximately  4,000  aircrew, 
oil  rig  and  marine  crews.  I  have 
worked  as  an  instructor  for 
those  sea  survival  courses  for 
approximately  seven  out  of  the 
last  eleven  years.  During  those 
years  I  have  concluded  that  ex¬ 
posure,  drowning  and  hypothermia 
are  probably  not  the  principal 
causes  of  death  in  cold  water 
survival  situations. 

I  believe  that  often  in  shipping 
disasters,  in  World  War  II  or 
incidents  such  as  the  Lakonia 
accident  in  1963  in  which  113 
people  died  as  a  result  of  hypo¬ 
thermia,  we  do  not  correctly 
or  clinically  diagnose  the  true 
cause  of  death.  Almost  all  of 
the  dead  had  vomitus  around 
their  mouth,  nose  and  ears. 

What  part  did  seasickness  play 
in  these  disasters? 

In  the  TEMPSC  Seasickness  Survey 
Landolt  et  al  "postulated  that 
seasickness  contributes  to  the 
loss  of  life  in  a  much  higher 
proportion  of  castaways  than  is 
currently  being  considered" (4) . 

During  our  extreme  cold  water 
survival  training  sessions,  we 
will  sometimes  have  30  -  40%  of 
the  students  become  totally  in¬ 
capacitated  from  seasickness. 


By  totally  incapacitated,  I  mean 
that  without  our  rescue  swimmers 
or  indeed  assistance  from  other 
students  on  the  course,  those 
students  suffering  from  seasick¬ 
ness  would  perish. 

My  first  experience  with  such  a 
student  was  a  very  traumatic 
one,  which  I  still  remember 
vividly  today.  Up  to  this  point 
in  my  life  I  believed  that  all 
humans  possessed  an  instinct  to 
survive  and  would  fight  to  live! 

In  this  case,  within  five  to 
nine  minutes  into  our  ship  aban¬ 
donment  exercise  our  student 
decided  to  give  up.  I  was  try¬ 
ing  to  help  him  swim  to  the 
liferaft,  which  was  drifting 
away  with  the  rest  of  the  group. 
Other  students  came  to  the  res¬ 
cue.  They  told  me  we  should 
evacuate  him  back  to  the  mother 
ship  because  he  was  probably 
suffering  from  hypothermia.  He 
was  wearing  a  1/4  inch  thick  dry 
survival  suit!  The  skin  on  his 
face  was  warm.  As  the  waves 
crashed  over  his  face  and  body 
he  would  keep  his  mouth  open, 
would  not  swim,  would  vomit  on 
his  own  face  and  regurgitate 
helplessly. 

I  tried  repeatedly  to  urge  him 
to  do  something,  to  swim  with  me 
as  now  I  had  cramps  in  my  legs 
trying  to  pull  him  to  the  life¬ 
raft  without  success.  1  told 
the  others  to  go  to  the  liferaft 
before  it  was  too  late  for  them 
and  their  own  survival.  I  told 
our  student,  "Listen,  if  you 
don't  do  anything  to  help  your¬ 
self  and  if  this  was  for  real 
you'd  be  left  behind  and  would 
probably  die." 

With  big  tears  in  his  eyes  and 
straining  to  vomit  he  said, 

"Just  leave  me  to  die,  I  can't, 

I  can't,  I  can't." 

I  asked  him,  "Do  you  refuse  to 
try?"  He  wouldn't  even  reply 
with  his  mouth  open  as  big  waves 
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crashed  over  his  face.  I  bacasia 
furious.  I  rasMnber  thinking  I 
should  bits  him  to  gat  him  go¬ 
ing.  Than  I  thought  to  mysalf 
that  he  probably  wouldn't  even 
have  the  guts  to  bleed.  Relax! 

I  didn't.  We  then  evacuated  him 
and  carried  on  our  exercise  with 
the  others. 

Twelve  years  later,  we  as  in¬ 
structors  are  still  watching 
this,  and  have  no  better  advice 
or  cure  to  prepare  potential 
survivors  to  face  seasickness. 

I  even  believe  that  when  we 
teach  survivors  to  take  seasick¬ 
ness  tablets,  we  are  indeed 
possibly  setting  them  up  to  die. 

When  a  survivor  is  attempting  to 
survive  in  -20Oc  air  temperature 
and  -IOC  water  temperature 
(which  we  teach  in  for  two  to 
three  months  of  the  year)  one 
does  not  need  numb  reflexes, 
poor  balance,  induced  sleepiness 
and  drowsiness  as  one  tries  to 
fight  desperately  to  maintain 
the  three  essential  body  or 
survival  balances. 

In  my  opinion,  other  than  making 
survivors  groggy  and  unrespon¬ 
sive,  I  do  not  feel  that  those 
who  take  current  oral  seasick¬ 
ness  medication  perform  so  much 
better  than  the  others  who  did 
not  take  medication,  or  that  in¬ 
deed  get  less  seasick. 

Landolt  et  al's  TEMPSC  Seasick¬ 
ness  Survey  reported  that  during 
the  VINLAND  Incident,  90%  of 
the  survivors  were  violently 
seasick  even  though  they  had 
been  issued  with  anti¬ 
seasickness  drugs. 

In  most  helicopter  ditching  sit¬ 
uations,  it  means  aircrew  face 
immediate  entry  into  a  survival 
situation  and  very  often  without 
a  liferaft.  This  means  there 
would  be  no  available  seasick¬ 
ness  pills.  Even  if  there  were, 
the  common  seasickness  pills 
would  not  have  time  to  take 


effect  before  survivors  became 
seasick. 

Do  we  understand  the  process  of 
seasickness  and  what  it  really 
does  to  survivors  battling  for 
their  lives  in  sub-zero  weather, 
high  winds  and  sea  states? 

My  last  memorable  experience 
with  seasickness  was  last  winter 
with  a  19  year  old  student  who 
I  was  at  sea  with.  He  was  young 
and  fit,  a  new  entry  into  the 
offshore  industry.  During  the 
course  on  the  psychology  of 
survival  and  the  discussions  on 
seasickness  as  an  enemy  or 
threat  to  survival,  he  finally 
raised  his  hand  and  said,  "Come 
on,  isn't  all  this  a  little  too 
dramatic! " 

Later,  during  the  sea  survival 
phase  of  the  course,  I  watched 
him  becoming  seasick  in  a  moder¬ 
ate  swell.  Shortly  thereafter 
he  threw  up  in  his  face  and  gave 
up  on  life,  even  refusing  to 
talk  or  indicate  that  he  was 
still  alive  and  breathing. 

During  difficult  sea  survival 
training  exercises,  by  routine 
we  ask  students  to  confirm  their 
state  of  well-being  every  five 
minutes  or  so!  I  held  him  in  my 
arms  as  I  washed  away  the  frozen 
vomit  all  around  his  survival 
suit,  hood,  face  and  neck  seal. 

I  threw  up  myself  a  few  times 
(it's  very  catching!)  and  then, 
towards  the  end  of  the  exercise, 
we  hauled  him  out  of  the  water 
using  two  rescue  swimmers  and 
even  had  to  carry  him  across 
from  the  fast  rescue  craft  to 
the  mother  ship.  He  could  not 
even  stand  up. 

Later,  during  the  course  wrap- 
up,  he  told  me,  "If  you  had  told 
me  that  you  could  take  me  to 
death  itself,  which  is  how  I 
felt,  I  would  have  laughed  in 
your  face.  But  you  know,  I  was 
there,  completely  helpless,  as 
good  as  dead." 
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During  the  recent  "Cape  Aspey" 
disaster  off  Nova  Scotia,  where 
one  fatality  was  found  with  a 
survival  suit  face  down  in  the 
sea,  I  received  a  call  that  mor¬ 
ning  from  our  Rescue  Coordina¬ 
tion  Centre  in  Halifax.  The 
officer  asked  me,  "How  could  he 
die?  He  had  a  survival  suit 
on."  I  replied  that  he  had 
probably  died  from  seasickness. 

But  then,  do  we  really  die  from 
seasickness?  I  do  not  know.  I 
am  not  a  researcher,  a  scientist 
nor  a  medical  doctor.  I  have 
only  lived  this  near-death 
experience  with  countless  stu¬ 
dents  over  the  last  many  years. 
We  have  only  discovered  this  by 
subjecting  ourselves  and  our 
students  through  this  harsh 
realistic  training  process. 

This  indeed  has  been  the  most 
challenging  and  difficult  form 
of  survival  training  that  we  do. 
It  is  also  one  of  the  most 
confidence  skill  building  exper¬ 
ience  for  the  students.  One 
remark  by  a  non-swimmer,  scared- 
of-everything,  student  at  the 
end  of  the  survival  course  was, 
"Give  it  to  me  now,  I  think  I 
can  survive  anything."  It  is 
important  that  survivors  believe 
that  these  are  their  odds  right 
from  the  beginning. 

My  theory  is  that  nowadays  human 
beings  do  not  know  what  pain  and 
suffering  feels  like,  or  indeed 
how  disabling  and  shocking  the 
experience  can  be.  We  need  to 
factor  this  into  our  predicted 
survival  times,  the  design  of 
our  equipment  and  the  develop¬ 
ment  of  our  procedures  as  they 
pertain  to  safety  and  survival 
equipment.  We  need  to  observe 
and  study  real  seasickness  in  a 
non-standard,  non-clinical  way, 
perhaps  outside  of  our  ethical 
protocol  to  really  understand 
its  effects  and  be  able  to 
develop  solutions. 

In  1988,  the  oil  rig  "Rowan 
Gorilla  I"  capsized  and  sank 


while  under  tow  from  Halifax, 
Nova  Scotia,  Canada  to  Ireland. 
All  27  personnel  on  board  es¬ 
caped  in  an  enclosed  lifeboat 
and  were  rescued  without  loss  of 
life  22  hours  later.  Of  the  27 
persons  on  board,  23  became  sea¬ 
sick.  Many  noted  the  practical 
aspect  of  their  training  as  a 
key  component  contributing  to 
their  ability  to  cope  and  con¬ 
clude  the  incident  without  loss 
of  life. 

What  about  those  who  have  not 
been  trained  or  indeed  exper¬ 
ienced  this?  We  also  have  good, 
calm,  training  days  and  very 
often  aircrew  fly  many  months  or 
years  before  they  receive  sea 
survival  training. 

I  flew  for  six  years  over  cold 
water  and  at  least  half  of  that 
time  in  and  around  the  East 
Coast  of  Canada  with  its  harsh 
weather  environment.  Having 
only  ever  taken  sea  survival 
training  in  the  summer  months 
and  not  during  the  severe  cold 
weather  environment,  I  had  no 
idea  what  I  would  have  to  face 
if  I  ever  ditched  in  the  winter 
months.  I  may  not  have  survived 
for  not  having  anticipated  or 
being  in  a  category  of  persons 
that  Rosenbaum  et  al's  Self 
Control  Schedule  would  call 
"high  self-controllers"  (8) . 

For  those  who  may  not  be 
familiar  with  this  schedule, 
during  seasickness  Rosenbaum's 
high  self-controllers  used  more 
extensive  self-control  methods, 
showed  fewer  performance  defi¬ 
cits  and  less  performance 
deterioration  than  the  low  self¬ 
controllers  group. 

The  study  of  Gal  (1974)  indica¬ 
ted  that  the  key  to  any  indi¬ 
vidual's  coping  ability  with 
seasickness  and  avoidance  of 
deterioration  in  performance 
occurs  only  if  the  individual 
has  high  self-control  stra'egies 
or  approaches  (1) .  If  an  air- 
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crew  has  no  clue  or  the  least 
idea  of  what  is  about  to  happen 
to  him  or  her,  roy  own  experience 
suggests  that  the  shock  of  being 
suddenly  iimnersed  in  a  ditching 
situation  is  overwhelming. 

Skin  contact  exposure  to  the 
extreme  cold  air  and  water  gives 
a  burning  sensation  which  then 
rapidly  incapacitates  your 
hands.  This  immediate  dis¬ 
ability  and  the  sudden  onset  of 
seasickness  creates  first  a 
physiological  disability  for  30 
to  40  %  of  survivors,  which  then 
becomes  a  psychological  inabil¬ 
ity  to  cope  and,  finally,  a 
complete  abandonment  of  effort 
or  will  to  survive. 

I  have  now  seen  cases  where 
individuals  who  are  returning  to 
sea  survival  refresher  training 
and  who  become  seasick  are  not 
only  able  to  cope  and  demon¬ 
strate  a  good  ability  to  carry 
out  what  I  call  survival  beha¬ 
viour,  but  often  can  and  do 
actively  take  charge  of  group 
activities  and  assist  others. 

In  extreme  cold  water  survival 
it  is  only  through  very,  very 
aggressive  individual  and  group 
survival  actions  that  everybody 
who  in  theory  should  survive, 
will  survive.  In  survival 
training,  we  talk  of  thermal, 
caloric,  fluid  balance  and  the 
criticality  of  maintaining  such. 
The  body's  need  for  water  is 
second  to  its  need  for  oxygen  and 
breathing.  A  10%  loss  of  body 
water  puts  one  at  risk  and  a  20% 
loss  is  generally  fatal.  During 
a  survival  situation,  the  survi¬ 
vor  will  generally  go  through  a 
short  period  of  intense  activity 
which  can  cause  a  loss  of  up  to 
two  litres  in  sweat.  With  the 
onset  of  seasickness  and  the 
subsequent  loss  of  all  the 
fluids  and  energy  nutrients  that 
may  be  in  the  stomach,  plus  the 
amount  of  physical  effort  re¬ 
quired,  this  rapidly  puts  the 
body  behind  the  energy  produc¬ 
tion  curve.  With  no  extra 


energy  available,  and  no  addi¬ 
tional  fluids  available  to  pro¬ 
duce  heat  and  energy  or  physical 
activity,  the  body  rapidly  be¬ 
comes  out  of  complete  balance  in 
all  three  critical  aspects. 

This  is  when  we  see  complete 
physical  and  psychological  aban¬ 
donment  by  survivors. 

Many  times  during  the  last 
eleven  years  while  trying  to 
urge  seasick  survivors  into  sur¬ 
vival  actions  of  some  sort,  I 
have  been  asked  by  them  to 
"leave  me  alone"  and  "let  me 
die".  Maybe  this  is  how  badly 
they  wanted  me  to  leave  them 
alone,  or  perhaps  it  was  a  true 
reflection  of  their  inability 
or  psychological  state  of  survi¬ 
val. 

At  present.  Survival  Systems  has 
teamed  up  with  a  Dartmouth, 

Nova  Scotia  company  to  conduct 
an  ongoing  survey  of  the  effects 
of  seasickness  on  students  par¬ 
ticipating  in  sea  exercises. 

This  study  is  being  conducted  by 
Paul  Potter  of  The  CORD  Group 
Limited  for  the  Canadian 
National  Energy  Board.  The 
National  Energy  Board  is  respon¬ 
sible  for  regulating  Canadian 
oil  and  gas  exploration  and 
development.  The  National 
Energy  Board,  through  the 
Committee  Panel  on  Energy 
Research  and  Development  (PERD) 
supports  many  research  and  de¬ 
velopment  projects  like  this. 

This  study  will  be  ongoing  over 
the  next  twelve  months,  with  the 
final  outcome  of  providing 
observations  and  statistical 
information  on  the  effects  of 
seasickness  on  a  variety  of  sur¬ 
vivors'  ability  to  carry  out 
sea  survival  actions  during 
training  in  various  sea  states. 

As  a  final  exercise  in  their 
training,  trainees  participate 
in  a  half-day  sea  exercise.  The 
exercise  is  conducted  four  miles 
off  the  coast  of  Halifax,  Nova 


Scotia  and  consists  of  distress 
flare  firing  from  a  50  ft 
vessel,  a  simulated  abandonment 
into  the  ocean  and  marine  life- 
raft,  a  one  hour  period  in  the 
liferaft,  a  half-hour  swim,  a 
15  minute  exercise  in  the  avia¬ 
tion  liferaft,  recovery  to  the 
rescue  boat,  transfer  to  the 
larger  vessel  and  return  trip  to 
Halifax.  Throughout  these  exer¬ 
cises  an  observer  records  infor¬ 
mation  relevant  to  the  seasick¬ 
ness  study  and  a  video  record  is 
kept  for  development  into  a 
final  film  review  of  the  pro¬ 
ject.  Weather  and  sea  state 
conditions  at  the  site  are  re¬ 
corded  . 

Upon  arrival  back  in  Halifax, 
participants  are  requested  to 
complete  a  questionnaire.  A 
separate  questionnaire  is  pro¬ 
vided  for  the  instructional 
staff.  Interviews  of  seasick 
participants  are  conducted  be¬ 
fore  completion  of  the  course. 

The  final  objective  of  the  study 
is  to  provide  statistical  infor¬ 
mation  relating  to  sea  state, 
weather,  activities  related  to 
seasickness,  seasickness  medica¬ 
tion  if  any  used,  and  general 
performance.  Video  observations 
will  accompany  the  final  report. 

It  is  hoped  that  this  study  will 
help  to  contribute  to  the  body 
of  knowledge  concerning  the 
effects  of  seasickness  on  the 
performance  of  personnel  in  sea 
survival  scenarios  and  ulti¬ 
mately  to  assist  in  the  develop¬ 
ment  of  more  useful  means  of 
assisting  those  persons  in 
avoiding  and  overcoming  the 
debilitating  effects  of  seasick¬ 
ness  . 


4.  CONCLUSION 

I  cannot  resign  myself  to  the 
fact  that  we,  as  survival  train¬ 
ers,  may  have  to  continue  to 
make  people  sick  to  adequately 


prepare  them  to  face  survival 
situations  as  reported  by  the 
Rowan  Gorilla  I  survivors. 

I  cannot  accept  that  we  cannot 
find  a  possible  medical,  bio¬ 
chemical  solution;  one  that 
can  be  taken  immediately  during 
a  survival  situation,  be  readily 
effective,  and  most  importantly 
non-disabl ing. 

J'aimerais  finir  cette  presenta¬ 
tion  en  vous  invitant  a  me 
joindre  a  cette  poursuite  pout 
etudier,  trouver  et,  developer 
des  solutions  pratiques  pour  les 
cinetoses  qui  font  face  a  des 
conditions  de  survie  en  mer 
f roide. 

Mes  observations  des  conse¬ 
quences  du  mal  de  mer  soit: 
la  deshydratation,  les  pertes 
hydro-minerales ,  I'atteinte  du 
psychisme,  1  *  aggravation  des 
etats  pathologiques  suggere 
qu’il  faut,  trouver,  d'autres 
solutions  que  celles  qui  existe 
au joutd ’ hui . 

To  the  ditched  aircrew  who  be¬ 
come  instant  victims  plunged 
into  a  new,  unexpected,  very 
threatening  environment,  we  need 
to  offer  better  solutions  than 
we  have  done  to  date. 

At  present  there  is  little  con¬ 
crete,  useful  or  new  information 
available  for  training  organiza¬ 
tions  to  give  to  potential  sur¬ 
vivors  who  would  in  all  likeli¬ 
hood  not  have  seasickness  medi¬ 
cation  available,  or  if  avail¬ 
able  the  medication  would  pro¬ 
bably  not  be  effective  once 
taken. 

As  newer  technologies  such  as 
survival  suits  and  specialized 
clothing  significantly  contri¬ 
bute  to  increased  survivability 
for  ditched  aircrew  in  cold 
water,  so  must  new,  useable, 
more  effective,  biochemical 
treatments  for  seasickness  be 
developed.  The  challenge  is  oursl 
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SUMMARY 

Military  cold  survival  research  has  traditionally 
concentrated  on  ways  of  conserving  body  heat. 
In  contrast,  this  paper  will  describe  our  recent 
investigations  of  metabolic  heat  production 
during  cold  exposure.  In  humans  increased  heat 
production  in  the  cold  is  achieved  by  increased 
shivering,  i.e.  involuntary  intermittent  skeletal 
muscle  contractions,  which  must  be  fuelled. 
Our  research  has  focused  on  the 
thermoregulatory  effects  of  manipulating  the 
availability  of  specific  fuel  substrates  to  the 
shivering  musculature.  Using  procedures  such 
as  muscle  biopsies  to  quantify  intramuscular 
substrate  utilisation,  venous  blood  sampling  to 
quantify  circulating  substrates,  and  continuous 
monitoring  of  metabolic  rates  and  rectal 
temperatures  during  cold  exposure,  we  have 
demonstrated  the  importance  of  skeletal  muscle 
carbohydrates  stores  for  the  ability  to  maintain 
heat  production  and  delay  the  onset  of 
hypothermia  during  cold  water  immersions. 
Acute  reductions  in  muscle  carbohydrate  stores 
were  associated  with  significant  reductions  in 
heat  production  by  the  body  during  shivering, 
and  a  more  rapid  decrease  in  rectal  temperature. 
In  conffast,  another  series  of  studies  induced 
acute  reductions  in  circulating  fat  stores,  but 
there  was  no  effect  on  body  temperature 
regulation.  The  availability  of  sufficient 
carbohydrate  stores  to  the  shivering  musculature 
seems  to  be  critical  for  the  body  s  ability  to  delay 
hypothermia  during  acute  cold  stress. 

1  INTRODUCTION 

By  measuring  the  electrical  activity  of  many 
muscle  groups  simultaneously  during  cold- 
induced  shivering,  we  now  know  that  several 
large  muscle  groups  are  recruited  and  contract  at 
relatively  low  intensities  that  are  less  than  20% 
of  their  maximum  force  generating  capabilities 


(1).  Since  so  many  muscle  groups  are  involved 
in  shivering,  the  sum  total  of  their  contractile 
aedvides  can  result  in  a  four  or  five-fold  increase 
in  metabolic  rate,  and  heat  production.  Much  of 
our  attention  has  been  directed  towards  the 
substrates  that  are  used  by  skeletal  muscle  to 
increase  heat  production  during  shivering.  Until 
about  a  decade  ago  there  was  very  little 
empirically  based  information  available  in  this 
regard  for  human  subjects.  So  we  initiated  some 
fundamental  experiments  in  an  attempt  to  fill  this 
knowledge  gap. 

For  example,  Vallerand  et  al.  (2)  administered  a 
clinical  glucose  tolerance  test  to  subjects  who 
were  sitting  in  cold  air  for  two  hours  and  again 
while  sitting  at  a  comfortable  temperature. 
These  data  were  the  first  to  show  in  humans  that 
glucose  is  eliminated  more  rapidly  from  the 
circuladon  during  cold  exposure,  presumably  to 
provide  more  available  substrate  to  fuel  the 
increase  in  metabolic  rate.  It  is  also  noteworthy 
that  this  more  rapid  uptake  of  glucose  during 
cold  exposure  occurs  with  lower  insulin  levels  in 
the  cold  compared  to  warm  temperatures. 

We  have  subsequently  continued  to  attempt  to 
quantify  the  rates  of  substrate  oxidation  of  fat, 
carbohydrate  and  protein  in  humans  during  cold 
exposure  with  indirect  calorimetric  techniques. 
As  one  might  presume,  the  increase  in  metabolic 
rate  during  shivering  is  caused  by  increases  in 
oxidation  rf  both  fat  and  carbohydrate,  but  the 
relative  increase  in  the  rate  of  substrate  oxidation 
caused  by  shivering  is  greatest  for  carbohydrates 
(3).  In  resting  subjects  exposed  to  either  cold 
air  or  cold  water  carbohydrates  and  fat  contribute 
approximately  equally  to  heat  production  (3,4). 
From  a  strategic  point  of  view,  this  finding 
seems  unfortunate  because  the  body’s 
availability  of  carbohydrates  is  quite  limited 
compared  to  the  abundant  fat  and  protein  stores. 
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We  were  already  aware  of  the  well  established 
positive  relationship  between  muscle  glycogen 
concentration  and  endurance  exercise 
performance  of  skeletal  muscle.  We  therefore 
speculated  that  there  may  be  a  similar  detrimental 
effect  caused  by  an  unavailability  of  muscle 
glycogen  on  another  form  of  muscle  contraction, 
i.e.  shivering  and  the  associated  heat  production. 

2  CARBOHYDRATE  AVAILABILITY 
AND  COLD  TOLERANCE 

In  our  studies  we  used  the  needle  biopsy 
technique  to  withdraw,  under  local  anaesthetic,  a 
small  piece  of  muscle  tissue.  This  technique  is 
very  innocuous  and  enables  biochemical 
quantification  of  metabolic  events  within  the 
muscle  cell.  We  used  cold  water  immersion  at 
1 8°C  for  our  experiments  because  it  is  a  way  to 
very  rapidly  overwhelm  the  body’s  ability  to 
compensate  for  heat  loss  by  increasing 
metabolism.  The  subjects  were  removed  from 
the  water  when  their  rectal  temperature  reached 
35.5°  C.  Biopsies  were  taken  from  the  thigh 
muscle  before  and  after  the  immersion  to 
evaluate  the  changes  in  glycogen  as  a  result  of 
the  water  immersion  (5).  We  also  carried  out  a 
series  of  studies  in  which  the  muscle  glycogen 
concentrations  were  manipulated  prior  to  water 
immersion  by  appropriate  dietary  and  exercise 
protocols  (6);  the  purpose  of  these  studies  was 
to  evaluate  the  effects  of  very  low  and  very  high 
glycogen  levels  on  metabolic  heat  production 
during  the  water  immersion. 

Metabolic  rate  during  cold  water  immersion, 
expressed  as  oxygen  consumption,  increases  to 
values  that  are  usually  around  4  or  5  times 
normal  resting  metabolic  rate.  Infrequently  we 
have  observed  individuals  who  exhibit 
somewhat  higher  values,  6-  or  7  times  resting 
values.  Our  initial  studies  suggested  that  part  of 
this  increase  in  metabolic  rate  is  fuelled  by 
muscle  glycogen,  as  all  of  the  subjects 
demonstrated  a  decrease  in  leg  glycogen 
concentration  after  the  water  immersion  (5). 
The  second  objective  of  these  experiments  was 
to  evaluate  the  effects  of  manipulating  the  pre¬ 
immersion  glycogen  levels  on  heat  production 
during  cold  water  immersion.  Our 
manipulations  did  result  in  the  subjects  entering 
the  water  on  one  trial  with  muscle  glycogen 
levels  that  were  only  about  50%  of  normal,  and 
on  another  trial  when  they  were  about  150%  of 
normal  (6).  The  oxygen  consumption  during  the 
water  immersion,  was  about  the  same  on  each 
trial.  The  respiratory  exchange  ratio  (RER), 


which  is  the  ratio  of  carbon  dioxide  produced 
divided  by  the  oxygen  consumption,  differed 
between  trials  as  expected.  An  increase  in  the 
RER  is  intenweted  as  reflecting  an  increase  in  the 
proportion  of  energy  that  is  transduced  from  the 
oxidation  of  carbohydrates;  a  decrease  in  the 
RER  reflects  an  increase  in  the  proportion  of 
energy  transduced  from  fat  oxidation.  Metabolic 
heat  production  is  calculated  based  on  the 
combination  of  RER  and  oxygen  consumption. 
We  observed  significantly  less  metabolic  heat 
production  per  unit  time  when  the  body’s 
carbohydrate  stores  were  depleted  compared  to 
the  other  trials  (6).  There  was  also  a  significantly 
more  rapid  body  cooling  rate,  as  reflected  by  the 
changes  in  rectal  temperature,  when  the  body 
had  little  glycogen  stored  in  its  muscles,  and 
presumably  also  in  the  liver  (6).  If  we  were  to 
take  these  observations  on  body  temperature 
cooling  rate  and  try  to  translate  the  effects  into 
how  long  a  down^  pilot,  for  example,  would 
last  in  cold  water  before  becoming  severely 
hypothermic,  our  results  suggest  that  in  the 
glycogen  depleted  state,  the  individual  would 
cool  to  a  potentially  critical  temperature 
significantly  more  rapidly.  Based  on  the 
efficiency  with  which  search  and  rescue 
activities  are  coordinated  today  with  the  aid  of 
the  SARSAT,  this  time  interval  is  indeed 
significant. 

These  examples  of  some  of  our  initial  studies 
were  done  on  subjects  resting  in  cold  air  or  cold 
water.  In  light  of  our  findings  we  hypothesized 
that  the  requirement  to  do  physical  work 
superimposed  on  that  cold  stress  might  induce  a 
more  rapid  breakdown  of  muscle  glycogen  than 
if  the  same  work  were  done  at  a  comfortable 
temperature.  We  therefore  had  subjects 
performing  either  light  or  heavy  exercise  once  at 
9°C  air  and  again  on  a  separate  day  at  21°C  (7). 
We  intentionally  recruited  lean  subjects,  so  that 
they  would  begin  shivering  quickly  during  their 
cold  air  exposure.  We  found  that  significantly 
more  glycogen  was  in  fact  utilized  to  do  the  light 
exercise  in  the  cold  compared  to  doing  the  same 
work  at  21°C.  There  was  no  difference  in 
glycogen  depletion  rates,  however,  for  the 
higher  exercise  intensities,  and  this  is  consistent 
with  earlier  observations  that  the  heat  production 
associated  with  hard  exercise  is  sufficient  to 
offset  heat  loss  to  the  environment,  thus 
obviating  the  need  for  shivering. 

3  FAT  UTILIZATION  AND  SHIVERING 

We  also  carried  out  investigations  of  the  effects 
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of  manipulating  the  body’s  circulating  fat  pools 
on  heat  production  during  cold  water  immersion. 
Vallerand  and  Jacobs  (8)  reported  that 
triglycerides  infused  into  a  vein  were  not 
eliminated  more  rapidly  from  the  circulation 
during  cold  air  exposure  than  during  warm  air 
exposure,  contrasting  with  the  results  for 
glucose  infusion  (2).  In  another  series  of 
experiments,  the  circulating  free  fatty  acid 
concentration  was  manipulated  by  having  our 
subjects  ingest  nicotinic  acid  in  the  form  of 
niacin  pills  prior  to  and  during  the  water 
immersion  (4).  The  effect  of  the  nicotinic  acid  is 
to  block  lipolysis  and  this  effect  is  demonstrated 
by  the  observation  that  the  plasma  free  fatty 
acids  and  glycerol  levels  were  dramatically 
reduced  prior  to,  and  during,  the  water 
immersion.  Again  contrasting  with  the  effects  of 
manipulating  the  carbohydrate  stores,  metabolic 
heat  production  was  virtually  unaffected;  the 
proportion  of  the  total  heat  production  that  could 
be  attributed  to  fat  oxidation  was  significantly 
reduced,  but  there  was  compensation  by  simply 
increasing  carbohydrate  oxidation. 

4  THE  PREFERRED  FUEL 

For  reasons  that  are  still  unclear,  carbohydrates 
seem  to  be  a  somewhat  preferred  substrate 
during  shivering  thermogenesis.  There  are 
similarities  to  hard  physical  exertion  in  that  the 
body  is  not  able  to  maintain  the  same  intensity  of 
exertion  when  carbohydrate  stores  are  depleted, 

i.e.  a  shift  to  a  greater  reliance  on  fat  oxidation  to 
fuel  muscle  contraction  is  not  sufficient  for  the 
musculature  to  be  able  to  maintain  a  high  level  of 
exertion,  just  as  body  temperature  was  not  able 
to  be  maintained  as  well  when  carbohydrate 
stores  were  depleted  (6).  We  must  mention  that 
similar  experiments  were  carried  out  at 
USARIEM  and  they  did  not  detect  any 
significant  muscle  glycogen  utilization  during 
cold  water  immersion  (9);  we  can  not  explain 
the  discrepancies  between  our  studies  other  then 
to  suggest  that  perhaps  the  fact  that  our  subjects 
were  much  leaner  than  those  of  Young  et  al.  (9) 
may  be  important  in  this  regard. 

5  APPLICATIONS 

The  above  brief  summary  of  some  of  our  recent 
work  describes  fundamental  research  which  was 
required  to  understand  how  skeletal  muscle  fuels 
shivering.  Only  after  such  an  understanding  is 
achieved  can  we  then  consider  the  development 
of  a  substance  or  procedure  that  could  be  applied 
in  an  acute  survival  situation,  i.e.  to  enhance 


thermogenesis  during  shivering  and  by  doing 
so,  delay  the  time  to  onset  of  life-t*'reatening 
hypothermia.  Such  applications  have  in  fact 
been  developed  and  are  described  in  the 
accompanying  article  by  A.  Vallerand. 
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SUMMARY 


It  is  well  established  that  humans  have  a  poor 
resistance  to  cold.  Once  the  insulation  provid¬ 
ed  by  the  microclimate  and  by  peripheral 
vasoconstriction  has  been  onaxiniiaed,  tra  last 
line  of  defeiKe  against  the  cold  resides  in  an 
increase  in  met^olic  heat  production  (M). 
Several  techniques  have  been  used  to  further 
enhance  Kl  in  the  cold,  but  it  is  a  pharmaco¬ 
logical  approach  that  has  received  the  most 
support.  To  that  effect,  recent  experiments  in 
cola-exposed  subjects  have  shown  that  the 
ingestion  of  ephedrine  (E;  a  decongestant)  arid 
caffeine  (C;  a  methylxanthine)  improves  M, 
heat  debt  (body  heat  deficit)  and  the  drop  in 
body  core  (rectal)  temperature  (T«)  (P<0.05). 
The  ingestion  of  an  E,  C  and  theophylline  (T;  a 
bronchodilator)  capsule  produced  about  the 
same  beneflciai  effect  (P<0.05).  Although  some 
authors  have  reported  that  T  alone  reduces  the 
drop  in  T„  (i.e.  warmer  T^J,  these  improve¬ 
ments  require  further  clarification  since  M  and 
mean  skin  temperature  (r^k)  practic2illy  did 
not  change.  A  theobromine-based  (another 
xanthine)  Recreation  and  Sports  bar  (Cold 
Buster’^**)  is  purported  to  reduce  the  drop  in 
Tfg  and  Aus  delay  the  onset  of  hypothemua. 
However,  such  claims  could  not  be  confirmed 
in  two  different  studies  performed  in  our  lab. 
IDespite  an  increase  in  M  in  some  studies,  C 
aloive  did  not  alter  T„  in  the  cold.  It  is  con¬ 
cluded  that  epttedrine/xanthine  nrixtures  rep¬ 
resent  at  the  moment,  one  of  the  best  £ind  safe 
pharmacological  agents  to  enhaiKe  heat  pro¬ 
duction  and  cold  resistance. 


1  INTRODUCTION 

Due  to  our  high  capacity  for  heat  loss  and 
poor  resistance  to  cold,  humans  are  consid¬ 
ered  tropical  animals  (1).  It  is  therefore  not 
surprising  that  numerous  experiments  have 


attempted  to  enhance  man's  tolerance  to 
cold.  Various  diets,  different  exercise  regi¬ 
mens,  repeated  exposures  to  cold  air  or  cold 
water  as  well  as  the  administration  of  various 
hormones  and  pharmacological  agents  have 
all  been  used  (2,  3).  The  use  of  a  pharmaco¬ 
logical  approach  with  thermogenic  agents  is 
certainly  an  attractive  and  promising 
approach.  Knowing  their  importance,  rele¬ 
vant  animal  studies  will  first  be  briefly 
reviewed,  before  focusing  on  human  studies. 

2  ANIMAL  STUDIES 

While  studying  endocrine  responses  to  the 
cold,  it  was  found  that  the  adininistration  of 
several  hormones  (for  various  periods  of  time) 
could  markedly  delay  the  onset  of  hypother¬ 
mia.  Such  hormones  include  catechol^ines, 
thyroxine,  the  combination  of  thyroxine  and 
cortisol,  and  growth  hormone  (for  a  review 
see  1, 4).  Although  there  is  no  doubt  that  these 
studies  were  very  useful  in  our  iinderstanding 
of  cold-induced  thermogenesis,  it  is  apparent 
that  they  have  little  cfirect  application  lO 
humans.  For  instance,  the  catecholamine- 
induced  improvement  in  heat  production  is 
directly  related  to  brown  fat,  the  long-term  use 
of  high  doses  of  thyroxine  is  not  recommend¬ 
ed  in  euthyroid  su^ects,  the  long-term  use  of 
high  cortisol  doses  increases  protein  break¬ 
down  and  is  associated  with  Cushing's  syn¬ 
drome,  the  long-term  use  of  growth  hormone 
leads  to  insulin  resistance  and  is  associated 
with  acromegaly.  In  parallel,  a  wide  variety  of 
pharmacolomcal  agents  have  been  shown  as 
effective  in  delaying  the  onset  of  hypothermia 
in  animals. 

Dirtitrophenol  has  been  shown  an  extremely 
potent  thermogenic  agent  since  it  uncouples 
oxidative  phosphorylation  (5).  However,  this 
uncoupling  effect  is  generali^d  to  virtually  all 
tissues.  The  thermogenic  effect  of  diiutroph^ol 
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is  even  magnified  in  the  presence  of  thyroxine 
(6),  but  again  it  is  difficult  to  find  an  application 
to  humans.  Other  effective  compound  in  the 
cold  include  vitamin  C  alpha  amino  adds,  stro- 
phantin,  dhlororomazine,  coramine,  cardiozol, 
etc.  (see  3).  Of  much  greater  interest  today,  are 
methylxanthines. 

Caffeine  (C),  the  most  weU-known  methylxan- 
thine,  is  an  established  thermogenic  agent  at 
comfortable  ambient  temperatures  (7,  8).  In 
the  cold,  it  has  been  shown  to  significantly 
reduce  the  drop  in  T,,  in  animals  (9,  10). 
Another  effective  xanthine  is  theophyll^  (T). 
During  the  last  decade.  Dr.  Wang  has  repeat¬ 
edly  shown  the  sigiuficantly  wanner  T,,  asso¬ 
ciated  with  the  thermogenic  eff^  of  an  acute 
administration  of  T  in  rats  (11-13).  Other 
potent  agents  in  the  cold  include  ampheta¬ 
mines,  CNS  stimulants  (14)  which,  with  or 
without  epinephrine  (15),  have  been  shown  to 
markedly  increase  M  and  to  produce  signifi¬ 
cantly  warmer  in  the  cold.  It  appears  as 
though  sympathomimetics  and  methylxan¬ 
thines  are  two  classes  of  pharmacological 
agents  which  are  likely  to  be  useful  in  cold- 
exposed  humaitt. 


3  HUMAN  STUDIES 

As  early  as  1942,  Scheurer  reported  that  the 
ingestion  of  C  in  men  exposed  to  a  cool  ambi¬ 
ent  temperature  reduced  the  drop  in  mean 
skin  ten^rature  (T,k)  and  thus  ensured  a 
warmer  (16).  Similarly,  LeBlaiK  (8)  fouivl 
that  C  ingestion  before  retiring  for  the  night  in 
a  cool  environment,  significantly  increased 
oxygen  consumption  ard  provided  a  warmer 
Tik/  vvith  no  change  in  T,,.  Other  studies 
which  have  analyzed  the  effect  of  C  in  the  cold 
have  confirmed  that  it  has  little  influence  on 
They  have  also  reported  that  it  tends  to 
exa^erate  the  drop  in  f  ,k  in  cold  air  (17, 18) 
or  tlut  it  offers  no  benent  in  cold  water,  in 
spite  of  an  important  increase  in  M  (19). 

FoUowing  up  on  his  animal  work,  Wang  et  aL 
showed  that  the  drop  in  T,^  in  cold-exposed 
individuals  can  be  ^atly  reduced  with  the 
prior  ingestion  of  T.  This  was  demonstrated  in 
acute  cold  air  studies  performed  either  at  rest 
or  durii^  intermitteiU  exercise  (20-22).  It  was 
suggested  that,  like  in  animals,  the  effective¬ 
ness  of  T  in  erthancing  cold  tolerance,  as 
defined  by  the  drop  in  Tf^,  resided  in  an 


Fig.  1.  Influence  of  pure  cartx>hydrate  (100%-CHO)  or  Cold  Buster™  sports  bar  on  T,.,  profile  during  3h  exposure  at 
rest  to  5*C,  Im.s'l  wind.  Results  are  mean  ±  SEM. 
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Fig.  2.  Heat  debt  (balance  of  heat  production  minus  aH  heat  losses)  during  3h  exposure  at  10*C,  <0.4  nvs'^  wind,  fol¬ 
iowing  the  ingestion  of  a  placebo  or  the  Cold  Buster™ . 


enhancement  of  energy  substrate  mobiliza¬ 
tion,  a  limiting  factor  for  cold-induced  ther¬ 
mogenesis  and  thus  cold  tolerance  (11, 12,  20, 
23).  Although  this  theory  seems  well  suited 
for  animals,  the  corresponding  metabolic  data 
in  humans  is  surprisingly  not  convincing, 
since  the  marked  improvements  in  1,^ 
described  in  humans  above,  were  not  accom- 
paitied  with  any  signihcant  changes  in  fJl  (20- 
22).  Since  it  is  imporhmt  to  the  understanding 
of  the  biochemical  erdiancement  of  cold  toler¬ 
ance,  it  was  decided  to  re-investigate  this  con¬ 
cept  linking  energy  substrate  mobilization, 
cold  thermogenesis  and  cold  toleraiKe. 

4  CAN  SUBSTRATE  MOBILIZATION 
ALTER  COLD  THERMOGENESIS? 

Based  on  the  above  theory,  a  commercially 
available  "Recreation  and  Sports  bar"  (Cold 
Buster’^**)  has  been  recently  developed.  It  is  pur¬ 
ported  to  markedly  delay  the  onset  of  hypothei^ 
mia  in  humans  as  a  result  of  its  substrates  and 
theobromine  (anottier  xanthine)  content,  which 
affect  substrate  mobilization.  After  proper 
familiarization  to  ensure  a  hig^  reproducibility 
between  cold  tests  (<  5%  of  variability;  24),  fast¬ 
ing  semi-nude  (jogging  shorts  only)  subjects 
were  exposed  (single-blind  protocol)  on  three 
occasions  (1  wk  apart)  to  the  cold  following  the 
inge'^  n  of  either  a  placebo,  pure  carbohy¬ 


drates  (CHO)  or  the  above-mentioned  sports 
bar  in  isocaioric  amounts  (340  kcal  or  14^  kj). 
Results  ^wed  that  there  were  no  differerKes 
across  all  three  trials  with  reqject  toT^  T*k, 
M  and  the  heat  debt  (minute-by-minute  math^ 
matical  balance  of  heat  production  minus  all 
heat  losses)  (Hg.  1;  25).  Further,  ingesting  either 
the  pure  CHO  (Canadian  Forces  Survival 
Rations)  or  the  sports  bar  did  increase  CHO 
oxidation,  as  expected,  but  entirely  at  the 
expense  of  lipid  oxidation  in  both  cases,  with 
no  change  in  M  (25).  Surprised  by  the  conflict¬ 
ing  resute,  we  immediately  proceeded  to  re-test 
this  theory  (and  the  sports  bar)  in  another 
study  performed  in  different  conditions  with 
different  subjects.  Identical  results  were 
obtained  (Hg.  2;  26). 

Can  differences  in  experimental  protocol 
explain  the  fact  that  we  could  not  confirm 
Wang's  energy  substrate  mobilization  theory? 
One  possible  explanation  is  that  our  subjects 
were  at  rest  in  t^  cold.  With  shivering  alone, 
M  rose  to  about  2.5  to  3.5  times  over  resting 
M  (25,  26).  Wang  et  al.  have  suggested  in 
some  studies  (21,  22)  but  not  all  (20)  that  a 
higher  M,  such  as  that  seen  durmg  intermit¬ 
tent  exercise,  is  required  to  fully  exploit  the 
energy-mobilizing  effect  of  ingesting  sub¬ 
strates  and/or  xanthines  on  cold  thermogene¬ 
sis  and  cold  tolerance.  Unfortunately,  when 
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Fig.  3.  Mtftabotic  rate  in  the  coM  following  ttM  ingestion  of  placebo  or  food  supplafflant  during  intannltant  axarcisa. 


M  was  raised  by  about  3.4  times  and  by  as 
much  as  6.7  times  over  resting  values  during 
the  intermittent  rest/exerdse  protocol,  similar 
to  Wang  et  al.  (21,  22),  the  ingestion  of  a  food 
supplement  containing  substrates  and  theo¬ 
bromine  had  no  influence  on  M,  f 
heat  debt  (Fig.  3;  27).  Exactly  as  before,  the 


high-CHO  food  supplement  also  increased 
CHO  oxidation  at  the  expense  of  lipid  oxida¬ 
tion  (27). 

Another  possibility  is  that  the  dose  of  sub¬ 
strates  was  not  optimal  to  observe  a  positive 
influence  of  substrate  mobilization  on  M.  This 
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Fig.  4.  InfluetKe  of  Ephedrina/Caffeirw  ingestion  on  average  heat  production  in  cold-exposed  subjects. 


is  unlikely  for  two  reasons.  Hrst,  previous  tri¬ 
als  have  mainly  used  about  300  km  (1,255  kJ; 
20-22, 25-27).  Secondly,  we  have  recently  com¬ 
pleted  such  a  study  where  sut^ects  ingeked  as 
much  as  710  kcal  (2,970  kl)  fo  an  e^rt  to  max¬ 
imize  substrate  m(foilizati<m  in  the  cold  (28). 
As  above,  such  an  ingestion  had  no  beneOctal 
effect  on  any  measured  thermal  physiology 
variables,  even  thougjh  it  increased  CHO  moet- 
Uzation  and  oxidation  at  the  expense  of  lipid 
mobilization  and  oxidation.  Though  energy 
substrate  utilaation  is  crudal  to  fuel  M  in  m 
cold  (29),  our  data  do  not  support  the  foeory 
that  energy  substrate  mobilization  is  limiting 
for  M  in  hununs  and  it  is  suggested  that  other 
factors  are  required  to  enhance  thermoregula¬ 
tory  thermogenesis,  which  in  turn  could 
reduce  the  heat  debt  and  thus  ameliorate  cold 
resistance.  Additional  experiments  were  car¬ 
ried  out  to  explore  these  factors. 

5  EPHEDRINEOCANTHINES 
MIXTURES  IN  THE  COLD 

Recent  studies  have  firmly  established  that 
adrenergic  drugs,  such  as  ephedrine  (E),  and 
xanthines  (X),  such  as  C  and  T,  significantly 
increase  resting  M  in  humans  exposed  to  com¬ 
fortable  ambient  temperatures,  either  on  a 
short-  or  long-term  basis  (30-33).  These  studies 
also  served  to  demonstrate  the  efficacy  and 
safety  of  these  anti-obesity  compounds. 
Whether  mixtures  of  E/X  can  enhance  ther¬ 
moregulatory  thermogenesis  and  cold  toler¬ 
ance,  and  by  which  mechanisms,  was  exam¬ 
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ined  in  two  separate  studies. 

In  a  first  study,  the  ingestion  of  E/C  (1  mg/kg, 
2.5  mg/ks)  in  the  coM  significantly  increased 
the  overall  M  by  19%  c(»npared  to  the  same 
subjects  receiving  the  placem  (PcO-Ofi;  Hg.  4; 
2).  This  increment  in  M  was  fuelled  almost 
entirely  by  a  large  irKrease  in  CHO  oxidation 
(P<0.05)  in  comparison  wifo  the  placebo,  with 
no  change  in  lipid  or  protein  oxidation  rates. 
This  was  associated  with  simuficantly  smaller 
drops  in  (arul  thus  warmer)  T„  and  f  tk,  a  less¬ 
er  body  heat  debt  and  slightly  higher  cate- 
cholamirw  levels. 

In  arrother  study  of  E/X  in  the  cold,  the  inges¬ 
tion  of  E/C/T  (44,  60,  100  m^  respectively) 
sigruficantly  irKreased  M  by  17%  over  the  3h 
in  the  cold,  in  contrast  to  the  placebo  condi¬ 
tion  (Fig.  5;  34).  This  was  achieved  through  a 
significantly  greater  lipid  oxidation  and  a 
slightly  greater  carbohydrate  oxidation  (Fig. 
5).  This  enharwed  thermoregulatory  foermoge- 
nesis  was  directly  related  to  a  significantly 
lesser  heat  debt  and  slightly  warmer  T,«  and 
significantly  warmer  Tj^. 

These  results  demonstrate  the  beneficial 
effects  of  E/X  mixtures  in  the  cold.  Both  mix- 
tirres  sigruficantly  enharKe  thermoregulatory 
thennogenesis,  produce  warmer  body  temper¬ 
atures  and  reduce  the  heat  debt  (Figs.  4,  5). 
When  compared  to  other  similar  cold  studio 
detailed  earlier  (Table  1),  the  improvements  in 
important  thermophysiological  parameters 
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such  as  ttw  changes  in  H  dry  heat  loss  (R-KT), 
heM  d^t  (5)  as  well  as  47^  and  4Ttk  appear 
more  fovouraUe  with  E/X  than  with  die  oth* 
era.  This  ‘nd>le  also  highU^ta  die  value  of  a 
heat  balance  analysis  and  that  it  should  be 
performed  more  often  since  the  heat  debt 
appears  m  a  more  robust  index  of  cold  resis- 
tance  dian  T„  alone. 

The  exact  mechanism  of  cellular  action  of  E/X 
in  the  enhancement  of  thermoregulatory  th^ 
mogenesis  is  still  uncertain,  but  an  increase  in 
sympathomimetic  effect  is  likely.  On  the  one 
luuia,  it  is  well  known  that  E  is  an  adieneigic 
agonist  diat  stimulates  both  p  and  a  receptors 
and  can  increase  plasma  catediolamine  levels 
(33, 35).  On  the  ot^  hand,  X,  such  as  C  and  T, 
act  either  by  inhibition  of  phosphodiesterase 
activity,  by  antagonistic  effect  at  the  level  of 
adenosine  receptors  or  by  a  translocation  of 
intracellular  cauium  (33,  36).  By  combining 
these  actions,  E/X  compounds  could  thus 
increase  liver  and  skeletal  muscle  glycogenol- 
ysis,  white  adipose  tissue  lipolysis  and  the 
activation  of  the  sympathetic  nervous  system 
(2,  30-33,  35,  36).  It  is  clear  that  an  increase  in 
either  CHO  or  lipid  oxidation  would  probably 
be  dependent  on  the  actual  dosage  of  E  and  X 
used.  One  thing  that  is  not  clear  is  which  par¬ 


ticular  tissue  is  responsible  for  the  E/X- 
induced  increase  in  tnermoregulatory  thermO' 
genesis.  It  could  well  take  place  in  die  skeletal 
muscle,  which  is  a  nuqor  site  of  heat  produc¬ 
tion  during  shivering  (see  1, 2)  and  during  the 
E-induced  thermogenesis  at  comfortable 
ambient  temperature  (30).  Since  E/X  do 
increase  heat  production  without  muscular 
CMitractions  at  comfortable  ambient  tempera¬ 
tures  and  since  E/X  increase  cold  thomogene- 
sis  without  any  evidence  of  greater  shiverii^ 
(data  not  ^own),  it  is  thus  possible  diat  E/X 
act  via  mechanisms  unrelated  to  shivering, 
either  at  the  level  of  the  striated  muscle  or  at 
the  levd  of  the  smooth  muscle  in  the  vascular 
bed,  as  recently  suggested  (37).  These 
hypotheses  require  further  study. 

In  conclusion,  ephedrine/ xanthines  mixtures 
represent  at  the  moment  one  of  the  best  and 
safe  pharmacological  agents  to  enhance  cold 
thermogenesis  and  to  delay  the  onset  of 
h)rpotlwrmia  in  humans. 
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TABLE  1.  INFLUENCE  OF  DIFFERENT  COMPOUNDS  ON  IMPORTANT 
THERMOREGULATION  PARAMETERS  IN  THE  COLD 
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The  purpose  of  these  studies 
was  to  test  two  methods  (one 
traditional,  one  recent)  for  treating 
mild  immersion  hypothermia. 

1)  Body-to-body  contact  has 
often  been  recommended  for 
rewarming  hypothermia  recipients 
in  the  field  (1.  4,  5,  6).  This 
involves  a  euthermic  individual 
donating  heat  to  the  recipient  by 
direct  contact  in  an  insulated  bag. 
However,  this  technique  has  not 
been  critically  evaluated  and  may 
not  be  beneficial  because:  there  is 
limited  direct  contact  between 
recipient  and  donor;  peripheral 
vasoconstriction  may  impair  heat 
transfer  to  the  core  (2);  skin 
warming  may  blunt  the  recipient's 
shivering  response(3);  and  cold 
stress  to  the  donor  may  be 
excessive.  This  first  study 

evaluated  whether  donation  of  heat 
by  a  donor  would  be  sufficient  to 
enhance  rewarming  of  a  hypothermic 
subject  (recipient).  Six  pairs  of 

recipients  (5  men,  1  woman)  and 
donors  (2  men,  4  women) 

participated  in  the  study. 


Esophageal  (Tes)  and  skin 
temperature,  cutaneous  heat  flux, 
and  oxygen  consumption  (VO2)  were 
measured.  Recipients  were 
immersed  in  8°C  water  until  Tes 
decreased  to  a  mean  (±SD)  of 
34.6±0.7°C.  They  then  were 
rewarmed  by  one  of  three  methods; 
a)  passive  rewarming  by  the 
endogenous  heat  generated  by 
shivering  (SH),  b)  body-to-body 
rewarming  (BB),  and  c)  rewarming 
with  a  constant  heat  source  manikin 
(MAN).  Mean  afterdrop  for  the  three 
conditions  was  SH-0.54±0.2, 
BB-0.54±0.2,  and  MAN.0.57±0.2°C 
(N.S.),  and  the  rate  of  rewarming 
was  SH»2.40±0.8,  BB-2.46±1.1,  and 
MAN-2.55±0.9'’C  min-i  (N.S.). 

2)  Forced-air  warming  (FAW) 
is  a  new  procedure  used  for 
prevention  or  reversal  of 
hypothermia  in  surgical  patients.  In 
this  second  study,  the  efficacy  of 
forced-air  warming,  for  treatment 
of  immersion  hypothermia,  was 
evaluated.  Six  men  and  two  women 
were  twice  immersed  in  8°C  water 
until  hypothermic.  They  were  then 
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rewarmed  by  either:  a)  shivering 
inside  a  sleeping  bag  (SH);  or  b) 
forced-air  warming  (Bair  Hugger® 
250/PACU  Warming  System  with 
300  Warming  Cover,  Augustine 
Medical).  Esophageal  and  skin 
temperature,  cutaneous  heat  flux 
and  metabolism  were  again 
measured.  Afterdrop  during  FAW 
(0.41  ±0.23  °C)  was  ~30%  less  than 
during  SH  (0.61  ±0.26  °C)  (P<0.01). 
The  rewarming  rate  during  FAW 
(2.67±1.2  °Ch-i)  was  not 
significantly  different  from  SH 
(2.25±0.7  °C  h-i).  Skin  temperature 
was  higher  during  FAW  by  5°C.  Heat 
production  increased  by 
approximately  80  W  over  the  initial 
20  minutes  of  SH,  and  subsequently 
declined,  compared  to  an  immediate 
decrease  with  FAW.  During  SH  heat 
flux  ranged  from  30  W  early  in 
rewarming,  to  50  W  after  30  min, 
compared  to  -230  W  and  -160  W 
respectively,  for  FAW. 

Under  our  laboratory 
conditions  during  body-to-body 
rewarming,  recipient  shivering 
thermogenesis  is  blunted  to  the 
extent  that  the  rewarming  rates 
during  heat  donation  are  not  greater 
than  during  shivering  alone.  Body- 
to-body  rewarming  was  not  an 
excessive  thermal  stress  for  the 
euthermic  donor.  When  deciding 
whether  or  not  to  use  this  method, 
the  possible  psychological 
advantages  must  be  weighed  against 


the  human  and  material  resource 
implications. 

Forced-air  warming 
attenuated  afterdrop  and  the 
metabolic  stress  of  shivering  while 
maintaining  an  average  rate  of 
rewarming  comparable  to  shivering. 
Forced-air  warming  is  a  safe, 
simple,  noninvasive  treatment  and 
could  be  used  effectively  in  an 
emergency  medical  facility,  and 
possibly  in  some  rescue/emergency 
vehicles  or  marine  vessels. 
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1.  SUMMARY 

Adequate  nutrition  and  hydration  can  be  crucial  to  the 
survival  of  downed  aircrews.  To  determine  the  nutritional 
adequacy  and  palatability  of  an  improved,  all-purpose,  all- 
environment  survival  packet  (GP-I)  compared  to  the  old 
survival  packet  (GP),  a  field  teat  was  conducted  using 
combat  survival  school  students.  During  a  five  day  survival 
exercise,  41  aircrew  members  ale  the  GP-I  and  57  ale  the 
GP.  Nutrition/hydiatioo  status  were  assfswvl  from 
food/fluid  intake  records  as  well  as  changes  in  body  weight. 
Water  turnover  was  measured  in  a  subset  of  subjects  (n=30) 
using  deuterium  oxide.  Pre-  and  posttest  hemoglobin, 
hematocrit,  plasma  osmolality,  uhne  specific  gravity  (SG) 
and  ketones  were  also  measured.  Acceptability  of  the  two 
rations  was  evaluated.  Subjects  eating  the  GP-I  consumed 
more  Calories;  GP-I  774±436  vs  GP  642±408  kcal/d. 
Carbohydrate  and  protein  consumption  were  similar  but  the 
GP-I  group  ate  significantly  more  fat,  35t21  vs  24±18  g/d. 
Mean  fluid  intake  was  similar  for  both  groups  (GP-I 
4.3±l.7.  GP  4.4±1.9  L/d).  Sodium  intakes  were  1.1  g/d. 
Weight  decreased  significantly  for  the  GP-I  and  CP  groups 
(2.9±1.4 , 3.4±1.7  kg,  respectively);  changes  were  similar 
between  groups.  Water  turnover  data  indicated  subjects 
maintained  adequate  hydration  as  did  hemoglobin, 
bematooit,  and  plasma  osmolality.  Mean  posttest  urine  SG 
was  1 .024±0.007  and  moderate  amounts  of  ketones  were 
detected  in  urine.  Both  ratioos  received  favorable  ratings, 
but  the  greater  variety  of  the  GP-I  ration  resulted  in  higher 
acceptability  ratings.  We  conclude  from  these  results  that 
either  ration  is  adequate,  however,  the  GP-I  is  more 
desirable  and  palatable  than  the  GP. 

2.  INTRODUCTION 

The  development  of  the  Food  Packet,  Survival,  General 
Purpose,  Improved  (GP-I)  was  initiated  by  the  Air  Force  in 
1987.  The  Air  Force  requested  that  a  survival  packet  be 
designed  to  replace  the  Food  Packet,  Survival,  General 
Purpose  (GP)  which  was  type  classified  in  1%I  and  had  not 
been  updated  since  initially  procured.  Limited  procurement 
quantities  have  contributed  to  imiblems  in  obtaining  the 
components  (two  by  three  inch  comfnessed  cereal  type 
bats),  as  well  as  the  tin-plate  can  that  were  part  of  the 
original  design. 

The  purpose  of  a  survival  ration  is  to  preserve  the  physical 
and  mental  functions  of  military  sovice  personnel  long 


enough  during  a  survival  situatioo  to  permit  him/her  lo  be 
rescued  tadlat  lo  escape  cr  evade  capture.  The 
requirements  for  the  GP-I  state  that  it  must  be  lightweight 
and  low  volume;  be  used  on  land  or  sea  for  short  periods  of 
lime  (one  to  five  days),  provide  optimal  nutntioo  to 
conserve  body  fluids  and  prevent  ketosis;  and  be  highly 
acceptable  to  help  boost  mmale  (1-3).  To  conserve  body 
water  and  prevent  ketosis,  the  ration  must  provide  adei)uale 
carbohydrate  (at  least  100  g),  limited  protein  (less  than  8% 
of  the  kcal),  and  restricted  sodium  (one  to  two  g)  (4). 

The  survival  packets  are  provided  in  flight  kits  on  aircrafr, 
in  life  rafts,  and  in  remote  storage  areas.  Storage  of  the 
food  packets  can  extend  for  as  long  as  five  years,  including 
periods  of  tune  at  very  high  temperatuies.  such  as  would  be 
found  in  aircraft  sitting  on  asphalt  during  the  summer.  Due 
to  these  environmental  extremes,  the  storage  requirement  for 
this  packet  is  five  years  at  80°F  and  one  month  at  I40*F 

The  effects  of  the  prototype  ration  and  its  acceptability  were 
evaluated  in  98  subjects  over  a  five-day  Field  Training 
Exercise  (FTX).  During  the  study,  volunteers  consumed 
either  the  GP-I  or  GP.  The  overall  objective  was  to 
detennine  if.  during  a  short-term  simulated  emergency 
feeding  scenario,  with  unlimited  water  available,  the  GP-1 
would  adequately  support  five-days  of  moderate  to  heavy 
physical  activity. 

3.  METHODS 

3.1  Experimental  Design 

The  study  employed  a  prospective  design.  Baseline  testing 
took  place  at  the  U.S.  Air  Force  Survival  School,  Fairchild 
AFB,  WA.  The  survival  exercise  and  post-experiment 
testing  took  place  in  Colville  National  Forest  Pre-test 
assessments  were  made  of  height  and  body  weight  During 
the  FTX,  food  and  fluid  intakes,  and  ration  acceptability 
were  monitored.  Posttest  measures  of  body  weight  and 
questionnaire  follow  up  data  were  collected. 

To  better  assess  the  subjects’  hydration  status,  a  subset  of 
30  volunteers  was  studied  more  extensively.  In  addition  to 
the  above  measurements  these  subjects  bad  the  following 
procedures  performed  pre-  and  post-experiment; 
measurement  of  activity  patterns  using  an  activity  monitor; 
estimation  of  percent  body  fat  by  the  circumference  method; 
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delenniiiatina  of  total  body  water  and  its  turnover  rate  by 
administenng  the  stable  isotope  deuterium  oxide 
and  veDipuoctuie  blood  draw  for  hematology  and 
chemistries. 

3  J  Subjects 

Test  subjects  were  recruited  from  two  consecutive  classes  of 
the  U.S.  Air  Force  Combat  Survival  Course,  Fairchild  AFB, 
WA  from  13  June  through  2  July  1991.  Potential  subjects 
were  briefed  on  the  nature  of  the  study  and  those 
paiticipating  provided  written  acknowledgemeol  of  their 
consent.  Two  preformed  training  groups  were  assigned  to 
eat  either  the  CP-I  or  GP.  All  non-participating  students  ate 
the  ration  that  their  group  was  assigned.  Thirty-eight 
students  (51%)  volunteered  from  the  first  class  and  60 
students  (68%)  volunteered  from  the  second  class.  Both 
males  and  females  participated  in  the  study.  The  GP-I 
group  was  comprised  of  36  males  (87.8%)  and  5  females 
(12.2%).  In  the  GP  group  there  were  51  males  (89.5%)  and 
6  females  (10.5%).  Subjects  from  the  GP-1  and  GP  rahoo 
groups  were  then  randomly  assigned  into  subgroups  for 
more  detailed  study. 

3  J  OperatkMWI  Scenario 

The  study  was  held  during  the  field  training  exercise  (FTX) 
phase  of  the  U.S.  Air  Force  Combat  Survival  Course.  The 
course  is  designed  to  train  aircrew  members  in  Survival, 
Evasion,  Resistance,  and  Escape  (SERE)  procedures.  Each 
class  lasted  17  days.  The  first  week  (days  1-6)  involved 
classroom  instruction,  days  seven  through  12  were  a  FTX, 
and  days  13  to  17  concluded  training  with  additional 
classroom  instruction. 

The  classroom  portions  of  the  school  were  taught  at 
Fairchild  AFB  and  the  FTX  was  held  in  Colville  National 
Forest.  The  elevation  ranges  from  762  m  (2500  ft)  to 
Calispell  Peak  which  is  approximately  2072  m  (6800  ft). 
Even  though  the  area  is  primarily  a  temperate  zone  forest, 
by  1371  m  (4500  ft)  it  becomes  subalpine.  The  steep, 
mountainous  terrain  of  the  forest  has  a  floor  covered  with 
large  amounts  of  varied  debris,  including  many  fallen  trees, 
rocks,  thick  brush  and  undergrowth.  The  drainage  areas  are 
swampy  and  surrounded  by  dense  vegetation. 

Students  deployed  for  the  FTX  at  0800  via  bus  to  the  forest 
area.  The  first  and  second  days  in  the  field  were  spent  in 
static  camps  and  training  was  done  around  the  site.  On  the 
third  day  the  students  were  given  points  to  fmd  in  order  to 
practice  land  navigation  after  which  they  returned  to  camp. 
On  these  "out  and  backs'  students  carried  all  their  gear  (15- 
23  kg).  On  the  fourth  day  of  the  FTX  evasion  exercises 
began.  For  this  segment  of  the  course,  the  students  were 
divided  into  two-person  teams,  camouflaged,  and  given  a 
number  of  compass  headings  and  points  to  fmd.  The 
instructors  tried  to  'capture'  them.  Each  night  the  students 
set  up  a  different  campsite  while  still  in  'combat  mode.' 

The  evasion  exercise  continued  throughout  the  fifth  day  and 
the  morning  of  the  sixth  day.  The  FTX  and  evasion  phase 
ended  by  noon  on  the  sixth  day. 

The  physical  activity  level  of  the  volunteers  was  heavy  (5). 
Both  classes  covered  approximately  the  same  distances  daily 


except  for  day  two  when  the  second  class  walked  two 
kilometers  (km)  less.  The  dulances  covered  were  cross¬ 
country  (oft-aail)  in  a  four  square  mile  area  with  the 
elevatioo  ranging  from  762  to  1372  m  (2500  to  4500  ft) 
Subjects  woe  on  their  feet  fur  the  entire  1 6  hour  training 
day. 

3A  Rations 

Table  I  lists  the  weight  (wt).  kilocalories  (kcal)  and  total 
grams  and  percent  of  calories  coming  from  protein  (pro),  fat 
and  carbohydrate  (CHO)  for  the  test  group  (GP-I)  and  the 
control  group  (GP)  for  the  entire  five-day  study  period.  In 
order  to  give  the  survival  school  students  the  same  amount 
of  kilocalories  they  would  have  normally  received,  three 
GP-ls  and  four  GPs  were  issued.  This  provided  the  GP 
group  with  87  kcal/d  more  (7%)  than  the  GP-I  group. 
Issuing  these  extra  kilocalories  was  unavoidable  because  it 
was  not  feasible  to  break  up  mdividual  ration  packets. 
Further,  course  requirements  dictated  that  subjects  receive 
foods  that  could  be  preserved  and/or  made  mto  a  stew  (i.e. 
rabbit,  steak,  onion,  and  potato).  Test  volunteers  also 
supplemented  their  diet  with  items  they  foraged.  These 
included  porcupine,  snake,  squirrel,  trout,  frog,  venison, 
snail  and  numerous  plant  foods. 


Table  I .  Total  amount  at  food  issued  par  subject 


QP-I  Qroup 

QP  Qrotg) 

3  QP-I  rations 

1  smal  potato 

1/2  smal  onion 

4  or  round  steak 
2ozrabM 

3.4  or  tang 

4  QP  rations 

1  smal  potato 

1/2  smal  onion 

4  or  round  steak 

2  or  rabbit 

3.4  or  dry  tang 

W(9) 

1023 

1180 

kcal 

5001 

5391 

Pro 

115g«% 

1450/11% 

Fat 

214g09% 

203g/34% 

CHO 

672g/54% 

748g/56% 

SuppienMnlal  foods  totaled  807  teal,  61  g  protein,  19  g  fat.  112 
gCHO 

The  GP-I  components  are  individually  packaged  in  a 
trilaminaie  plastic  material  and  protected  by  a  paperboard 
box.  The  prototype  GP-1  used  in  this  field  evaluation 
consisted  of  five  1'  by  3'  compressed  bars:  two  cornflake 
bars,  one  shortbread  cookie  bar,  one  chocolate  chip  bar.  one 
granola  bar,  along  with  one  package  of  bard  candy 
(Charms),  instant  coffee,  sugar  and  instant  bouillon.  A  roll 
of  wintergreen  tablets  developed  for  this  ration  was 
unavailable  for  use  in  this  test;  however,  it  will  replace  the 
hard  candy  in  the  future.  The  nutrient  composition  of  the 
GP-I  is  shown  in  Table  2. 


Th«  OP  cnmponiti  am  individuaUy  paff>a>ed  ia  ccUopbane 
malanai  aad  iiond  in  a  tin  cao.  The  OP  uaed  in  lliia  teat 
conaitlad  of  four  2'  by  3’  compremad  ban:  two  cornflake 
bare,  one  granola  bar.  one  licefooinflake  bar,  inaiant  coffee, 
sugar,  and  instant  bouillon.  The  nutrient  composition  of  die 
OP  is  shown  in  Table  2. 


Table  2.  NuMsnl  eoiwpniblon.  maae  and  woksne 


ap-i 

QP 

Keal 

tags 

tt3t 

PR>(g) 

ta«% 

21/7% 

Fsl(g) 

0SM2% 

4607% 

CHO  (g) 

162/53% 

15806% 

SodkJin  (g) 

2.3 

1.7 

Wl(g) 

332 

341 

VokSM  (cuin) 

26 

27 

4.  PROCEDURES 

4.1  Activity  Patterns 

Computerized  wrist  monitors  (Actigrapb,  Ambulatory 
Mouitoriog,  Inc.,  Ardtiey,  N.Y.)  were  used  to  identify 
periods  of  activity  and  inactivity  during  the  five-day  study 
period.  The  output  of  the  wrist  monitor’s  piezoelectric 
motion  sensor  was  recorded  in  a  continuous  series  of  1- 
minute  periods.  Monitors  were  worn  by  13  subjects  from 
the  GP-I  sub-group  and  nine  from  the  GP  suh-group. 

An  algorithm  for  differentiating  periods  of  inactivity  and 
activity  from  wrist  activity  monitor  data  (6)  was  used  to 
distinguish  physical  activity  from  inactivity,  where  A,'s 
represent  actigraphic  measures  for  a  completed  minute 
epoch.  Thus  A)  is  the  measure  for  the  one  minute  epoch 
completed  3  minutes  ago.  The  activity/inactivity  criterion  is 
such  that,  if  S.O.S,  then  A,  is  scored  as  active  or  if  S^.5, 
then  Ag  is  scored  as  inactive. 

S-<-0.001)A  ,+<-0.001  )A..+(-0. 001  )A  ,+(-0.001  )A  , 

+  (-0.003)A  ,+<0.007)A,+<-0.00 1  )A,+<-0.00l  )A,+ 1 .004. 

4.2  Aathropoinctric  Measurements 

Height  was  self-reported  for  all  subjects,  excqit  the 
’hydration  status’  sub-group  who  bad  their  height  measured 
to  ±0.1  cm.  Body  weight  was  measured  for  all  subjects 
pre-  and  post-experiment  with  foot  and  headgear  removed 
and  pockets  empty  using  a  calibrated,  digital  electronic, 
battery-powered  scale  accurate  to  ±0.05  kg  (SEGA  Model 
770,  Hamburg,  Germany).  The  dothing  worn  by  each 
subject  was  noted  and  then  those  specific  garments  were 
weighed  and  subtracted  from  the  airmen’s  recorded  body 
weight  Body  fat  (energy  store)  changes  were  estimated  on 


the  sub-group  according  to  the  staufard  mihlaty  method  of 
taking  circumference  measuremcots  (AR  600-9).  Three 
measurements  of  the  abdomen  (level  of  the  navel)  and  neck 
(below  the  larynx)  were  taken  sequentially  pre-  and  post- 
experiment  by  the  tame  individual  uaii^  a  spring-loaded 
fiberglass  anthropometric  tape  (Gulick  Measuring  Tape, 
Country  Technology,  Inc.,  Gays  Mills,  WI).  Percent  body 
fat  was  then  calculated  using  a  formula  devised  for  the 
Army  Wdgbt  Control  Program  (7).  Female  subjects  did  not 
have  circumference  measurements  taken  due  to  privacy 
coostxainta  in  the  field. 

4  J  Food,  Water  and  Nutrient  Intakes 

Prior  to  deployment  all  subjects  were  issued  pocket  sized 
logbooks  (apptoximatdy  14  x  10.5  cm)  and  instructed  on 
how  to  accurately  self-record  their  daily  food  and  water 
intake.  Subjects  were  also  informed  that  no  additional 
foods  or  beverages  would  be  permitted  m  the  field  other 
than  those  Uiat  were  issued  or  could  be  foraged.  Subjects 
were  also  instructed  to  write  down  all  foraged  food  items 
and  estimate,  in  household  units,  the  amount  eaten.  Tlie 
total  amount  of  water  drunk  was  recorded  in  one-quart 
amounts.  Total  water  intake  was  estimated  by  summing  the 
amount  of  water  consumed  from  drinking  and  rehydrating 
food  and  beverage  items  and  the  moisture  content  of  foods 
consumed.  At  the  end  of  the  study  period,  test  subjects 
were  interviewed  by  a  trained  dietary  data  collector  to 
verify  the  accuracy  and  comf^eteness  of  the  recorded 
entries.  Self-recorded  food  intake  methods  have  been  used 
in  past  radon  tests  and  produced  accurate  results  (8). 

Nutrient  intakes  were  calculated  by  factoring  individual 
food  items  consumed  against  known  macro-  and  micro- 
nutrient  values.  The  nutrient  factor  file  included  nutrient 
composition  va4ues  provided  by  the  U.S.  Army  Natick 
Research,  Oevelopment  and  Engineering  Center  (ration 
items)  and  the  US  Department  of  Agriculture  Nutrient  Data 
Base  for  Standard  Reference  (Handbook  8).  Nutrient 
intakes  that  are  reported  for  this  study  include:  kilocalories 
(kcal),  protein  (g),  fat  (g),  carbohydrate  (g)  and  sodium 
(mg).  Since  the  survival  ration  is  designed  to  be  consumed 
for  periods  of  less  than  five  days  nutrient  standw  .  or 
operational  and  restricted  rations  do  not  apply. 

44  Measurement  of  Energy  EzpendHure 

Int^e  balance  energy  expenditure  was  calculated  for  the 
’hydration  status’  sub-group  frno  metabolizable  energy 
intake  and  the  change  in  body  fat  (energy  stores)  during  the 
FTX.  Dietary  energy  intakes  were  calculated  from  daily 
food  consumption  reemds  while  changes  in  body  energy 
stores  were  calculated  from  pre-  to  post-experiment  changes 
in  fat  free  mass  (FFM)  and  fat  mass  (FM).  Fat  free  mass 
was  assumed  to  be  27%  protein  and  73%  water,  and  fat 
mass  was  assumed  to  be  100%  fat.  The  energy  equivalents 
used  for  protein  and  fat  were  4.4  and  9.5  kcal/g, 
respectively  (9). 
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4J.1  MMMrtmal  Of  Total  Watar  lalhu 
B)r  OMtariw  Twvovar 

DeutHium  oxide  wm  atfaniaisleied  otally  (0. 10  g/kg  body 
mau;  MSD  botopee,  St  Loui*.  MO)  in  Uie  monung  on  day 
+1  aad  day  +6  of  the  Oeutcrium  space  was 
caiculaied  from  deuterium  euncbments  in  saliva  before  and 
three  and  four  hours  after  dosing: 

Deuterium  space  -  (A/MWj(APEyi00)  18.02  [I/IRm/E.  - 

Epil. 

where  A  ^  dose  in  g,  MW^  s  molecular  weight  of  dose 
wales,  APE«  =  alom  percent  excess  eoikhment  of  dose 
water,  =  2.005  x  10'’,  the  ratio  of  heavy  to  light  isotope 
of  standard  mean  ocean  water  (SMOW),  and  E,  and  E,  = 
the  per  mil  (%(i)  enrichments  of  the  final  and  ptedose 
samples,  respectively  (10).  The  second  delerminatioo  of 
deuterium  space  was  corrected  for  changes  in  baseline 
isotopic  enrichment 

First-vokl  urine  samples  were  collected  on  days  -2.  +2  and 
+6  and  used  to  monitor  isotope  elimination.  Total  water 
influx  (rj(g/d)  was  calculated  from  deuterium  turnover 
(k^),:  where  D  is  the  average  of  the  initial  and  Tmal 
deuterium  dilution  space  (11). 

tu  =  (D-kn) 

4,5,2  Isotopic  Fractionation.  Deuterium  is  lost  via 
respiratory  and  cutaneous  evaporation  more  slowly  than  is 
hydrogen  (12-13).  With  no  correctioo,  the  net  effect  of  this 
isotopic  fracdonatioD  results  in  an  underestimate  of  total 
water  mflux.  However,  fractionation  correction  factors, 
which  are  calculated  from  the  ratio  of  evaporative  to  non- 
evaporative  water  loss,  are  usually  around  0.99  and  may  be 
used  to  reduce  the  impact  of  fractionatioo  on  the  accuracy 
of  water  intake  calculations  (14).  Absolute  humidity  was 
determined  from  wet  and  dry  bulb  temperature 
measurements  made  three  times  per  day  at  approximately 
0530,  1300,  and  2000  hours,  and  was  used  in  calculating 
fractionation  conectioo  factors  (10).  Median  absolute 
humidities  for  weeks  one  and  two  were  8.94  and  10.55 
mg/L,  respectively.  Water  efflux  in  g-m’  was  calculated 
from  estimates  of  expired  air  volume  and  absolute  humidity. 
Expired  and  inspired  volumes  were  assumed  to  be  equal; 
ventilation  was  calculated  as  previously  described  (II). 

It  was  assumed  that  the  clothing  worn  by  the  subjects 
covered  759E>  of  their  body  and  reduced  the  rate  of 
evaporation  through  clothed  areas  by  half  from  the  0.014 
g-min  '-m’  rate  of  evaporation  from  bare  skin  at  room 
temperature  at  rest  (15).  The  net  estimated  rate  of 
transcutaneous  water  efflux  was  0.088  g'min'''m’. 

4,5  J  Water  Influx 

Transcutaneous  water  influx  in  mg/min  was  calculated  as 
180  X  (absolute  bumidity/21.7)  x  (body  surface  area), 
assuming  a  transcutaneous  influx  of  180  mg/m’  body 
surface  area/minute  in  adults  in  a  saturated  24  °C 
atmosphere  (16),  median  ambient  absolute  humidities  of 


8.94  and  10.55  mg/L.  and  a  37.5%  reduction  in 
tranacutaaeous  water  influx  due  to  dotfaing.  Re^Hialory 
wam-  influx  was  calculated  at  pulmonary  ventilatioo  x 
absolute  humidity. 


4J5A  MeUboHc  Water 

Metabolic  water  was  calculated  from  the  water  formed  by 
the  oxidation  of  protein  (pro)  (I  g  pro  =  0.41  g  water),  fat 
(1  g  fat  =  1.07  g  wat-r).  and  carbohydrate  (CHO)  (1  g  CHO 
=  0.60  g  water)  in  foodstuffs  and  from  changes  in  body 
energy  stores  (17).  Fat-free  mass  was  assumed  to  be  27% 
protein  and  73%  water.  Dietary  records,  anthropometric 
estimates  of  the  change  m  body  energy  stores,  and  energy 
expenditure  estimated  by  the  intake  balance  method,  wete 
used  to  calculate  substrate  oxidation  and  metabolic  water 
production. 

4.5.6  Deuterium  Annlysls 

The  hydrogen  isotope  abundances  were  measured  on  a 
Fitmigan  Delta  S  gas-inlet  Isotope  Ratio  Mass  Spectrometer. 
Briefly,  urine  and  saliva  samples  were  distilled  under 
vacuum  into  tubes  containing  zinc  reagent.  The  reduction 
tube  was  sealed  with  a  flame  and  placed  in  a  500^  oven 
fat  30  minutes  to  reduce  the  water  to  hydrogen  gas  which 
was  then  introduced  into  the  mass  spectrometer. 

The  H,  was  isotopically  analyzed  against  two  working 
standards  that  had  been  calibrated  against  SMOW  and 
Standard  Light  Arctic  Precipitation  (18).  The  results  were 
expressed  as  the  per  mil  difference  from  SMOW  and 
corrected  for  0.5%  memory  on  the  reduction  system.  The 
SD  of  a  single  analysis  was  1 .7  x  10  ’  atom  percent  for 
urine  and  saliva.  Each  sample  was  analyzed  in  triplicate 
(Pennington  Biomedical  Research  Center.  Baton  Rouge, 

LA). 

Isotope  enrichments  were  calculated  by  taking  the 
arithmetic  difference  between  the  per  mil  enrichment  of 
each  sample  and  the  respective  predose  sample.  The  ratio 
of  excess  isotope  is  calculated  and  converted  to  atom 
percent  excess  (APE)  (19). 

4.6  Urine  Chemistries 

First-void  morning  urine  samples  were  collected  on  all 
subjects  pre-  and  post-experiment.  Samples  were  collected 
in  50  cc  screw  top  tubes  and  analyzed  for  specific  gravity 
using  a  refractometer  accurate  to  ±0.001  units  (Atago,  LTD. 
UR-l,  Tokyo,  Japan).  Urine  dipsticks  (Ames  N-Multistic, 
Miles  Inc..  Elkbar,  IN)  were  used  to  estimate  ketones.  The 
ketone  measured  by  this  method  is  acetoacetate  and  the 
scale  is  calibrated  in  increments  of  5,  15,  40,  80  and  160 
mg/dL  corresponding  to  trace,  small,  moderate,  and  large 
amounts  of  ketones,  respectively. 

4.7  Blood  Chemistries 

Pre-  and  post-experiment  fasting  blood  samples  were  drawn 
on  the  "hydration  status"  sub-group  by  venipuncture,  using 
standard  aseptic  techniques.  Samples  were  taken  from  an 
antecubital  vein  and  drawn  into  a  serum  vacutainer  system. 
One  (5cc)  Ethylenediaminetetraacetic  Acid  (EDTA)  tube 
was  used  for  a  whole  blood  sample  and  one  (IScc)  Serum 
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Sapwalor  (SST)  tube  wm  mad  for  a  lanim  sampte. 
HaiBaioGrit  waa  detatminad  by  uaa  of  a  bepaaimaed 
capillary  tube  aud  read  after  apinmns  for  five  minuiea  on  a 
micro  hamalocrit  cantrifiita  (Model  lECAlB,  Damon, 
Dunatable,  England).  The  EDTA  tubea  were  rent  to 
Faircfaild  AFB  Hoapital  where  a  complete  blood  count 
(CBC)  war  performed  (Syintex  KIOOO,  Baxter  Inc.,  McGaw 
Park,  IL).  After  the  blood  in  the  SST  tube  had  clotted,  the 
tubea  were  centrifuged  and  the  serum  poured  into  a  5  ml 
ctyo  tube  for  storage  and  shipment  to  Pennington 
Biomedical  Research  Center,  Baton  Rouge,  LA  for  analysis. 
Glucose,  blood  urea  nitrogen  (BUN),  creatmine,  sodium, 
potassium,  chloride,  carbon  dioxide,  uric  acid,  total  protein, 
albumin,  calcium,  phosphorus,  magnesium,  cholesterol, 
triglyceride,  high  density  lipoprotein  (HDL),  low  density 
lipoprotein  (LDL),  total  bilirubin,  lactic  acid  dehydrogenase 
(LD).  creatine  kinase  (CK).  and  iron  chemistries  were 
performed  on  serum  using  an  automated  chemistry  analyzer 
(Beckman  Synchron  CXS,  Beckman  Industries  Inc., 

Fuletton,  CA).  Three  10  pL  aliquotes  were  removed  fiom 
the  remaining  serum  and  used  to  measure  serum  osmolality 
using  a  freezing  point  depression  osmometer  (Model  S004, 
Precision  System  Inc.,  Natick,  MA). 

4B  Ration  AccaptabiUty 

4B.1  Field  Ratings 

Daily  food  item  acceptability  for  the  GP-I  and  GP  was 
determined  using  a  nine-pomt  hedonic  scale  in  which  9 
corresponded  to  "like  extremely.*  5  corresponded  to  'neither 
like  nor  dislike*  and  1  corresponded  to  *clisiike  extrentely 
(21).*  The  subjects  rated  each  food  item  in  the  S-day 
logbooks  used  to  record  food  and  water  intake  and  mood. 

4.8  J  Final  Questionnaire  Ratings 

Two  questionnaires,  one  for  the  GP-I  group  and  one  for  the 
GP  group,  were  administered  on  the  last  day  of  data 
collection.  Both  questioimaires  contained  similar  questions 
assessing  airmen's  opinions  of  their  respective  rations  in 
terms  of  acceptability  and  human  factors  issues,  as  well  as 
collecting  information  on  demographics  and  field 
conditions.  Final  questionnaires  were  administered  to  every 
student  participating  in  the  survival  course  who  wished  to 
fill  out  a  questionnaire,  regardless  of  whether  they 
participated  in  the  study. 

4.9  Statistical  Analysis 

Two  consecutive  survival  course  classes  were  studied  during 
a  two-week  period  in  June  1991.  Two-tailed  unpaired 
Student’s  t-te$ts  were  performed  on  data  from  these  two 
groups  to  determine  if  there  were  any  significant  differences 
between  iterations.  It  was  found  that  there  were  no 
significant  differences  between  classes  except  in  weight  loss 
(-t.0±0.6  kg  GP;  -2.7±-.8  kg  GP-I;  A- 1.3  kg).  The  first 
class’  mean  body  weight  tended  to  be  greater  than  the 
second  class  (A3.0  kg);  although  this  was  not  significant  In 
addition,  the  first  class  walked  slightly  farther  than  the 
second  class  (2  km  per  day  more  during  the  first  two  days) 
and  had  a  slightly  more  active  schedule.  Given  these  few 
differences,  the  data  from  the  two  iterations  were  combined 
to  simplify  the  presentation  of  the  results. 


One-way  analysis  of  variance  with  repeated  measures 
(BMDP2V  1990,  BMDP  Statistical  Software  Inc.,  Los 
Angeles,  CA)  waa  used  to  analyze  rstioo  and  water  intake 
data.  Tsvo-tailed  Parted  Student's  t-tests  were  used  to  test 
for  differences  between  ptc-  and  post-measurements  of 
individual  subjects  (SPSS-X  4.1,  SPSS,  Iik..  Chicago,  IL) 
for  the  demogiaphics,  activity  pattma,  anlfaropometric 
measurements,  urine  chemistries,  and  blood  chemistries. 

The  field  acceptability  and  final  questionnaire  data  were 
analyzed  using  SPSS/PC+  4.1  (SPSS  Inc.,  Chicago,  IL).  T- 
tests  and  analysis  of  variance  tests  (ANOVA's)  were  used 
to  detect  differences  between  groups  and  witiun  groups  over 
time.  The  Dixon's  test  statistic  was  used  to  determine  if  a 
particular  subject’s  water  turnover  data  could  be  considered 
an  outlier  (20).  All  results  are  expressed  as  mean  ±  SD.  A 
p-value  of  less  than  O.OS  was  considered  to  be  statistically 
significant. 

S  RESULTS 

S.l  Demographics 

The  GP-1  and  GP  groiqis  initial  physical  characteristics  are 
presented  in  Table  3.  No  significant  differences  were  found 
between  tbe  groups  in  regard  to  age,  height,  initial  body 
weight,  or  lime  in  service. 


Table  3.  Physical  eharactefislics 


Characiwislies 

QP-I 

(n=41) 

QP 

(n=57) 

Age(y) 

ZOtS 

25t4 

HsigM  (on) 

i7at7 

17716 

Body  waigM  (kg) 

76.1110.7 

76719.5 

Time  in  servics  (y) 

38±3.7 

4.3±3.e 

5  J  Activity  Patterns 

Aedgrapb  data  retrieval  rates  were  54%  (13  issued,  7  valid) 
and  67%  (9  issued,  6  valid)  for  tbe  GP-I  and  GP  groups, 
respectively.  Data  retrieval  rates  were  not  1(X)%  due  to 
Actigraph  malfunction  (7  each)  and  subject  non-compliance 
(2  each). 

The  mean  number  of  hours  of  inactivity  for  tbe  GP-I  group 
was  6.3±0.8  ranging  from  5. 0x0 A  to  7.0i0.4  hours.  Tbe 
mean  number  of  hours  of  inactivity  for  the  GP  group  was 
6.2±0.4  and  ranged  from  S.9±1.4  to  6.9±I.O  hours.  Means 
were  not  significantly  different  between  groups. 

5  J  Anthropometric  Changes 

Mean  body  weight  changes  are  shown  in  Table  4.  Both 
ration  groups  lost  a  significant  amount  of  body  weight 
(BW)  (GP-I  3.8%  BW  and  GP  4.5%  BW).  However,  the 
difference  in  weight  loss  between  ration  groups  was  not 
significant. 


•  • 


•  • 


1 


UM 
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GP-I 

OP 

WWgM(l«>.dayO 

7«.7i«4 

76.U10.7 

WaigM(M.day6 

73.601.7 

72.7S6.9 

Chmoe 

-2.6t1.4 

-3.4t1.7 

PCfceot  body  ht  wm  ealimitcid  in  the  "bydration  iCatui* 
subgroup  only.  Percent  body  fat  declined  from  16.8±4.4  to 
IS3±4j  (-1.3il.3)  in  the  GP-1  group  and  17.3±3.3  to 
1S.4±3.3  (-1.9±1.3)  in  the  CP  group.  Difference  in  body  fat 
loss  between  the  GP  and  GP-I  groups  were  not  statisdcally 
different  Two  female  volunteers  one  in  die  GP-1  group  and 
one  in  the  GP  group  did  not  have  their  percent  body  fat 
taken  because  of  privacy  coostrainls  in  the  field.  These  two 
female  subjects  lost  approximately  -1.1  kg. 

54  Nutrient  and  Water  Intakes 

Ninety-three  percent  (38  retrieved,  41  issued)  of  logbooks 
given  to  the  GP-1  group  and  81%  (46  retrieved,  S7  issued) 
of  those  given  to  the  GP  group  were  retrieved.  ReDieval 
rates  were  not  1(X)%  due  to  the  forthog  of  streams  and  the 
extremely  wet  weather  which  destroyed  some  logs  and  the 
nature  of  the  evasion  and  other  exercises  during  which  some 
logs  were  lost. 

The  GP-I  group  consumed  significantly  more  kilocalories 
than  the  GP  group  (Table  S).  Mean  daily  protein  intakes  in 
grams  were  approxima!:’y  the  same  for  both  groups  (13.4% 
total  kcal  GP-I:  15.6%  total  kcal  CP).  Mean  daily  fat 
intakes  in  grams  were  significantly  higher  for  the  CP-I 
group  compared  to  the  GP  group  and  accounted  for  a  higher 
percent  of  total  calories  (40.7%  vs  33.6%).  Both  groups 
consumed  approximately  the  same  amount  of  carbohydrate 
accounting  for  46.5%  total  kcal  GP-I;  49.8%  total  kcal  CP, 
respectively. 

Micronutrient  fortification,  except  for  sodium,  is  mt  done 
for  these  types  of  survival  rations  because  of  the  short  time 
periods  of  projected  use.  Mean  daily  sodium  intakes  were 
significantly  different  between  the  GP-I  and  GP  groups. 

Table  5.  Mean  daiy  nurient  intake  from  al  food 

sources  (ration,  supptsmant.  forage) 


Nutrients  GP-I  GP 


Xeal 

774*438* 

6421406' 

Pro,  g 

2«t21 

25122 

Fat.  g 

3S*21* 

24*18* 

CHO,  g 

90tS7 

80154 

Sodium,  mg 

12971269 

9741332' 

'  PsD.OO 

Daly  meaiw  ware  derived  for  each  man  and  then 
man-means  were  averaged  to  gat  a  group  mean 


study.  Mann  ralioo  ioiakc  was  significaady  man  for  die 
GP-I  group  feaa  fee  the  GP  group.  The  GP-I  group 
comtunarl  61%  of  the  naoot  issued  while  the  GP  group 
consumed  48%.  Intake  feom  supplemental  and  foraged 
foods  wen  sanilat  between  groupe. 
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ham 

OP-I 

GP 

Bwiktaw.  day  l 

7721450 

6761425 

RaHan 

2S2Sl76r 

2tSl«l77 

Supptamsnial 

5001225 

482*227 

Fon^ 

2701162 

248t210 

MMASdsy 

tolal 

4087 

3538 

'P90.0S 

Maans  wan  daiwsd  tor  each  tood  type  6wn 
aummad 

Both  the  GP-I  and  GP  groups  reported  consuming 
approximately  the  same  amount  of  water  (4.3±1.7  L7d  GP-I; 
4.4xl.9  L/d  GP).  Water  intakes  did  not  vary  greatly  during 
the  five-day  smdy  period.  There  were  no  significant 
differences  between  ration  groups. 

5.5  Energy  Expenditure 

Mean  daily  energy  expenditure  estimated  using  the  intake 
balance  method  was  4096±21 13  kcal/d  for  the  GP-I  group 
and  S3SI<2089  kcal/d  for  the  GP  group.  There  was  no 
significant  difference  between  groups.  The  combined  intake 
balance  energy  expeodituie  for  both  groups  (o=2S)  was 
4697i2l  13  kcal/d. 

5.6  Total  Body  Water  and  Water  Turnover  Rale 

Of  the  30  subjects  who  were  studied  more  uilensively.  24 
completed  the  entire  D,0  sample  coUectioo  schedule.  In 
addition,  one  subject  proved  to  be  an  outlier  (P^O.OS)  using 
Dixon’s  test  statistic  (33).  The  mean  elimination  rate  (kd) 
for  DjO  was  0.!01fe9t0.0I972  the  GP-1  group  and 
0.10129±0.02989  for  the  GP  groi^.  Mean  total  body  water 
did  not  change  significantly  pre-  to  post-experiment 

5.6.1  Water  Influx 

Total  water  influx  which  mcludes  water  from  food  and 
drink,  water  of  oxidation,  and  water  absorbed  through  the 
skin  and  lungs  was  S092±836  g/d  for  the  GP-I  group  and 
4946±10()3  g/d  for  the  GP  group  and  (Tables  7).  Mean 
respiratory  water  influx  (ru)  was  about  3%  and  5%  of  total 
water  influx  for  the  GP-I  and  GP  groups,  respectively.  For 
both  the  GP-I  and  GP  groups,  mean  transcutaneous  water 
influx  (r.,)  accoumed  for  4%  of  total  influx  while  mean 
metabolic  water  influx  (r,)  was  about  8%  and  12%, 
respectively.  The  sum  of  water  influx  from  these  three 
routes  was  824  g/d  (16%)  for  the  GP-I  group  and  1 102  g/d 
(21%)  for  the  GP  group.  There  were  no  significant 
differences  between  groups  for  any  of  these  measures. 


% 


Table  6  shows  the  distribution  of  kilocalories  from  the 
different  food  sources  consumed  over  the  entire  five  day 
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For  the  volunteer  group  as  a  whole  total  water  influx  was 
3022^901  g/d.  Respiratory  and  cutaneous  water  influx 
totaled  about  8%,  metabolic  water  contributed  about  10%, 
and  preformed  water  intake  accounted  for  the  balance. 
Subject's  turnover  rates  were  approximately  10.3%  per  day. 

5Jt2  Prefk>rmed  Water  Intake 

Preformed  water  intake  (water  intake  from  food  and  (kink) 
was  calculated  from  total  water  influx  by  subtracting  the 
sum  of  respiratory  water  influx  (ru),  transcutaneous  influx 
(r.,)  and  metabolic  water  influx  (r.).  There  were  no 
significant  differences  between  groups  (4277±gll  g/d  GP-l, 
3880e920  g/d  GP). 

S Comparison  With  Recorded  Intake 
For  the  group  as  a  whole  mean  preformed  water  intake, 
calculated  by  the  deuterium  oxide  method,  and  self-recorded 
water  intake  did  not  differ  significantly  (preformed 
4088x867  g/d.  lecorded  4332x1017  g/d,  (bffeience  3x18%). 

S.7  Urine  Chemistries 

The  urine  sample  retrieval  rate  was  97%  (196  observatioos, 
19  missing  samples).  These  missing  values  were  due  to  the 
unavailability  of  test  subjects  during  the  second  iteratioa  of 
post-study  collection.  The  mean  urine  specific  gravities 
(SG)  pre-  and  post-experiment  never  exceeded  1.030, 
however  there  were  subjects  who  were  above  this  criterion 
for  hypohydradon.  Table  16  shows  the  number  of 
individuals  in  each  group  who  had  urine  SGs  above  1.030. 
Hie  mean  urine  SG  prior  to  deployment  was  1.021x.(X)7  for 
the  GP-l  group  and  1.022x.007  for  the  GP  group.  Mean 
post-study  urine  SG  for  the  GP-I  and  GP  groups  were 
1.024x0.007  and  1.024x0.006.  respectively,  'ntere  were  no 
significant  difletences  in  urine  SC  between  ration  groups 
pre-  to  post-study. 


Table  S.  Peccanl  at  urine  eampies  wlh  tpedriE  gravty 
>1.090 


423X198 

4377X911 

4916X944 

a2St2M 

99«te920 

4024X1047 

Urine  SQ  >1.090  QP-I 


Pie^ludy 

PoeMIudy 


7%(ai4i) 

7%(2a0) 


ii%(as4) 

29%(12«3) 


The  freipiency  of  ketones  in  the  urine  pre-  aid  post-study 
ate  presented  in  Table  9.  F(»  the  post-study  urine  sample 
the  majority  of  subjects  (97%  GP-I  and  l(X)%  GP)  had 
small  to  mixletate  amounts  of  ketones  compared  to  very  few 
(7%  GP-I  and  2%  GP)  pre-tesL 


Table  9.  PeroeM  ol  urine  semplee  pnebriie  lor  ketone 


Urine  kaionas 

OP-1 

OP 

Pie-eludy 

7%OI41) 

2%(9«4) 

PoeMIudy 

97%(29O0) 

100te(53l53) 

5JB  Blood  ChemWrics 

Pre-  and  post-study  hmnoglobin,  hematocrit  and  serum 
osmolality  values  are  shown  in  Table  10.  All  values  were 
within  normal  ranges  before  and  after  the  FTX  but  did 
decrease  significantly  pre-  to  post-experimenL  There  were 
also  significant  differences  between  Ihe  GP-I  and  GP  groups 
in  hemoglobin  and  hmnatecrit  measurements  pre- 
experiment 

The  majority  of  pre-  and  post-bkxxl  chemistries  listed  in  the 
mediods  section  under  ’Bkxxl  Chemistries*  fell  within  in 
normal  physiological  ranges  at  both  points.  The  exceplioos 
were  urk  acid,  bilirubin,  creatine  kinase  (CK),  lactic  acid 
dehydrogenase  (LD)  and  aspartate  amino  transferase  (AST). 
There  were  no  significant  differences  between  ratioo  groups 

Blood  lipid  values  for  the  entire  subgroup  are  shown  in 
Table  11.  All  mean  values  were  within  normal  limits  pre- 
to  post-experiment  but  showed  large  significant  decreases. 

Table  11.  Pro-  and  poel-biood  Ipid  vakjse  (i^90) 


Choteteerol,  ingML 
Triglyotride.  mgldL 
HDL.  mgUL 
LOCmokL 
CHOL/HDL  ratio 


Pr* 

Post 

Normal 

199X91 

1«3t27’ 

140-200 

199X99 

99121' 

36-190 

49X11 

49i1(r 

90-70 

119X27 

101X29* 

95-175 

4.97 

9.39 

4.97 

IM 


TaMa  H).  Me  wd  goaMhidy  1 

Itugnlli.  lamateed 

1.  and  MUM 

soamolaQy 

HsatoglGia 

1 

llaeieloni 

Qanan  oai 

aolally 

n 

Pm 

Peal 

Poet 

Pm 

Peat 

OP  14 

1$.M>A 

14.7*1.1* 

48.1*1  n 

43  8*3.4* 

2M*7 

27i*r 

QP-I  11 

1l3n0.7~ 

14.l*0.r 

47At1A- 

43.7*2.1* 

212*8 

27«t4* 

■  P<B.O>|re-  lopeel  atgatlaaare 
**  P<0.08  QP  ve  QP-I  omiP 

53  KaliM  Aceaftabtttjp 
SJ.1  fMd  Raliii^ 

FwM  mut»  fof  iadividiul  foods  in  the  GP-1  snd  tbs  GP 
ratnos  sn  pvesenwd  in  Taitin  IX  Tbs  aiimen  wan  asked 
to  tala  each  food  item  on  a  9-poinl  bedonic  icaie  wban  1 
corretpoiidad  to  'disUke  extreinety,'  3  oonasponded  to 
'neutral*  and  9  concspooded  to  'like  extieinely.’  Overall, 
the  GP-I  received  ratings  of  'like  moderately*  or  beOer, 
except  for  coffee,  which  received  the  lowest  rating  of 
'dislike  slightly.*  The  GP  received  an  overall  rating  of 
'like  slightly*  or  better  with  coffee  receiving  the  highest 
rating  of  'like  moderately.*  However  only  six  people  thank 
it  For  iteou  present  in  both  rations  there  were  no 
significant  differences  between  ratian  iton  ratings,  except 
for  Coffee.  The  GP  Coffee  was  rated  significandy  higher 
than  the  GP-I  Coffee  even  though  the  coffees  were 
identical. 


TM  12.  Mawi  •ood  Sam  AsU  retinas 


Food  bars 

GP-I 

n 

GP 

n 

Granola 

71*1.3 

30 

62*1.7 

6 

ComflahalGP) 

• 

• 

62*1.3 

40 

Cornftako  (GP-I) 

6.8*1 .8 

37 

■ 

CondlahaMce 

• 

- 

60*1  6 

34 

Shortbread 

7.3*1 .3 

34 

- 

■ 

Charma  earuly 

7.4*1 .3 

34 

• 

- 

Chocolale  chip 

7.0*1 .8 

30 

• 

- 

CodSe 

4.9±3.1 

11 

7.5*7  5* 

6 

Sugar 

6.9*24 

7 

7.4*1 .3 

22 

Soupigravy  base 

7.3*1 .9 

16 

73*1.3 

20 

n  •  Number  o(  atuderls  conaumina  food  Ism 
•  P-eO.05 

5.92  FtenI  Qucstioaaaire  Acceptability  Ratings 
On  the  final  questionnaire,  the  subjects  were  also  asked  to 
rate  each  of  the  food  items  in  the  tatioos.  In  all  cases,  the 
ratings  from  the  final  questionnaire  were  lower  than  the 
field  ratings.  Table  13  summuizes  the  final  quesbonnaire 
results.  Many  of  the  students  indicated  they  dislike  or  do 
not  drink  coffee  and  others  were  concerned  about  its 
diuretic  effects. 


TsMs  13.  Mean  food  Sam  Inal  quMtionnaim  ralingi 


Food  Bat 

QP-I 

n 

QP 

n 

Granola 

«.7t1  8 

60 

30t3.5* 

3 

Comdalia 

56*2.0 

68 

43*2  3* 

57 

ComlakaMe* 

- 

■ 

43*23 

49 

Shnrdireed 

8.ftt1  7 

67 

■ 

■ 

Charms  candy 

7  0*1  7 

67 

Chocolals  chip 

6.812.1 

66 

CoBs* 

4.4*25 

29 

6012  0^ 

28 

Sugar 

64*20 

30 

70*20 

46 

Souplgravy  base 

7.2*18 

52 

6  8*1  6 

48 

•  P<0.06 


S.9J  Final  Qucrtfonnaire:  Overall  Acceptability  and 
Human  Factors 

Sixty-nine  students  who  consumed  the  GP-I  ratioD  filled  out 
fmal  questionnaires,  while  64  students  wbo  consumed  the 
CP  ration  filled  out  final  questionnaires.  Table  14  provides 
summary  ratings  of  overall  acceptability,  amount  of  food, 
variety,  taste  and  appearance  of  the  GP-I  and  the  GP  from 
the  final  questionnaire.  The  results  show  that  on  a  9-pomt 
scale,  where  9  corresponded  to  'extremely  satisfied.'  S  was 
"neutral*  and  I  corresponded  to  'extremely  dissatisfied,'  the 
GP-I  was  rated  significantly  (p<O.OI )  higher  than  the  GP  for 
all  aspects.  The  ratings  for  the  CP  and  the  CP-1  ranged 
from  X3  corresponding  to  'very  dissatisfied'  to  6.9 
corresponding  to  'somewhat  satisfied." 


Table  14.  Conparison  of  mean  QP-I  and  GP  characteristics 
on  Inal  queationnaire 


Characteriatie* 

QP-I 

n 

QP 

n 

Overal  acceptabdly 

6.911.5 

69 

4.911 .9* 

63 

Amour*  of  food 

5.5*24 

66 

4.411 .9* 

61 

Variety 

6.4*1 .9 

66 

2.3*1 .6* 

61 

Taste 

6  4*1  9 

66 

4.2*20* 

62 

Appearance 

6.1*1 .9 

66 

4.411 .8* 

61 

•  P<0.01 
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Oa  tiumtigt,  the  OP-1  giDup  <«>■»■"»«»«»  tine  food  tun  • 
day.  whifo  Um  OP  fioup  contumcd  two  bm  a  day.  Both 
(HMipa  maBagad  to  maka  dwir  ban  laM  about  4.S  days, 
bdtviduaia  ala  ibair  ban  eiilMr  dnougbout  ifaa  day  aa  tuna 
paiaiillad  or  at  apacified  maaltiiiiaa  detonmnad  by  ibaii  own 
panooat  piadilactiDoa.  For  each  item  ia  tba  OP  ntioa,  40  to 
43.9%  laportad  gattiaf  tired  of  cbewiog  the  ban.  whila  ia 
tba  OP-I  group  only  3.2  to  IS.9%  reportod  ttua. 

Wbaa  aakad  to  rate  how  hungry  they  were,  on  a  six  point 
icale  (IzNevet  and  bsAlwayt),  during  the  exerciae,  both 
groups  reportod  that  ifaay  were  hungry  "fairty  often,*  with 
ratings  of  3.4:tt4  for  the  GP-1  groiqi  and  3.6^13  for  the  CP 
group.  Twenty-five  percent  of  the  GP-I  group  and  16%  of 
the  OP  group  felt  that  they  ato  enough  during  the  exercise. 
Frequent  reasons  for  not  eating  in  the  GP-I  group  included 
(students  checked  all  reasons  that  applied);  26.1%  thought 
not  enough  food  was  provided  in  the  ratioo,  17.4%  did  nut 
feel  hungry  and  IS.9%  got  bored  with  the  food.  Reasons 
for  not  eating  enough  in  the  OP  group  included  :  37.8% 
got  bored  with  the  ration,  40.6%  disliked  the  fond.  23.4% 
reported  that  thtor  bars  were  broken  into  crumbs  and  17.2% 
got  tired  of  chewmg  the  ratioo. 

When  asked  about  how  easy  it  was  to  prepare  the  ration  for 
consumption,  both  groups  reported  being  ‘moderately 
satisfied*  on  a  9-point  scale.  Both  groups  also  reported  that 
the  rations  were  'moderately  easy*  to  'very  easy*  to  use 
overall.  However,  both  groups  mdicated  that  the 
instructions  were  'not  at  all  helpful  *  It  is  apparent  from 
the  fmal  questionnaires  that  many  of  the  subjects  either 
never  had  instructions  with  their  rations  or  lost  the 
instructions  before  they  could  read  them.  The  GP  group 
was  significantly  less  satisfied  with  how  easy  the  ration  was 
to  pack  and  carry  than  the  CP-I  group  but  still  was 
'somewhat  satisfied'  on  a  9-poinl  scale.  The  ability  to  eat 
some  of  a  bar  and  rewrap  it  in  the  tnlaminate  foil  package 
for  the  GP-I  ratioo  was  appreciated  by  most,  others  felt  the 
trilaminate  foil  represented  trash  that  had  to  be  carried  out 
and  could  not  be  burned  to  avoid  leaving  evidence  in  cases 
of  evasion  from  an  enemy.  No  other  significant  problems 
were  reported  with  either  ration. 

Table  13  contains  summary  ratings  for  difficulty  of 
obtaining  water,  bow  often  enough  water  was  obtained,  and 
thirst  There  were  no  significant  differences  between  the 
groups.  Both  groups  found  it  'moderately  easy'  to  obtain 
water,  'almost  always"  obtained  enough,  but  reported  being 
thirsty  'sometimes'  to  'fairly  often.'  These  findings 
correspond  to  the  intake  data  which  showed  no  difference 
between  groups  and  that  both  groups  were  well  hydrated. 
Obtaining  adequate  water  supplies  was  not  a  problem  in  this 
study. 

In  the  GP-I  group,  66.7%  said  they  drank  enough  during  the 
exercise,  while  in  the  GP  group  48.4%  said  they  drank 
enough.  In  both  groups,  the  most  frequent  reasons  for  not 
drinking  enough  were  not  feeling  thirsty  or  cot  feeling  that 
more  water  was  needed  (10%  in  the  GP-I  group  and  14%  in 
the  GP  group). 


Tifeto  M.  Wator  atocutasMto  and  tliM 


Rmi 

OP 

OP-I 

OWeitoy  al  ohtointoB  wtoei* 

2tt1  S 

27*1  • 

How  otoi  otoainad  anoutfi 
watoft 

s.oeop 

SlttO 

TNralt 

xati.i 

3  3*t  1 

*  NIna-port  seals  (I^EidraaMiy  Easy  and 

9>Exliams<y  Dtolcul) 

t  Six-  poiM  sealB  (1«Nsusr  and  6^ Always) 

Ninety-six  percent  in  the  GP-1  group  and  100%  m  the  GP 
group  repotted  that  they  purified  their  wator.  Ail  subjects 
used  iodine  for  punficaUon.  Ninety-eight  percent  in  the 
GP-I  group  and  93%  in  the  GP  group  obtained  their  wator 
from  streams. 

Both  groups  reported  adding  water  to  the  Coffee  and  Soup 
and  Gravy  Base  'sometimes*  to  'fairly  often.*  There  was  a 
low  incidence  of  subjects  adding  water  to  the  Cornflake  and 
Granola  Bars.  Several  subjects  wrote  on  their 
questionnaires  that  they  would  have  added  wator  if  they  had 
known  that  they  could. 

Thirty  percent  of  the  GP-1  and  40%  of  the  GP  group 
reported  that  they  heated  wator  several  times  to  prepare  the 
Coffee  and  Soup  and  Gravy  Base.  Thirty-nine  percent  in 
the  GP-I  and  32%  m  the  GP  group  never  heated  water  for 
their  rations.  In  both  groups,  33%  reported  using  a 
campfire  to  beat  water.  When  asked  on  the  final 
questionnaire  whether  including  a  canteen  cup  or  some 
device  like  it  in  the  rabons  was  important,  both  groups 
thought  it  was  "very  important.'  Several  smdenu  indicated 
that  it  would  be  helpful  if  the  GP  can  could  be  used  to  cook 
in  if  no  canteen  cup  was  provided.  The  origmal  model  of 
the  GP  can  could  be  used  to  cook  in  but  the  new  GP  can. 
because  of  the  materials  and  linmg.  cannot  be  used  for 
cooking. 

The  students  were  asked  in  an  open-ended  question  on  the 
fmal  questionnaire  if  there  was  any  essential  equipment 
needed  for  ration  preparation  or  foraging  that  was  not 
provided  in  the  rations.  The  GP-I  group  listed;  metal 
container  to  cook  in.  fork  or  spoon,  salt  and  damp  proof 
box  to  put  the  ratioo  in.  The  GP  group  listed;  a  can  that 
can  be  cooked  in.  fork  or  spoon,  snare  wire,  matches,  salt 
and  iodine. 

6.0  DISCUSSION 

The  purpose  of  this  study  was  to  conduct  an  operational 
field  test  of  the  GP-I  survival  ration  prototype  and  compare 
it  against  the  current  survival  ration  during  a  simulated 
survival  scenario.  Although  the  acmal  physiological  and 
emotional  stress  that  an  aircrew  member  would  experience 
in  a  true  life  and  death  simation  cannot  be  duplicated  in  a 
training  or  experimental  setting,  the  US  Air  Force  Combat 
Survival  School  provides  aircrew  members  with  a 
challenging  'survival'  exercise.  The  stresses  and 
deprivation  of  the  field  survival  test  combined  with  an 
evasion  exercise  provided  a  good  trial  for  the  GP-I  ration. 


•  • 
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AMMMiih  moM  bumaM  mb  survive  a  few  days  of  fastiiif 
wilh  little  loB(  Imn  cooeequeoce,  eveo  a  smalt  quaotity  of 
food  MB  be  effective  in  preveoliii(  the  acute  debilitatinf 
effects  of  total  starvatioo.  Further,  it  cao  have  a  ptofouod 
itBpact  OB  SB  individual's  morale. 

The  CP-I  was  tested  afaiost  the  currcBt  military  survival 
ration  (CP)  oo  98  aircrew  survival  school  students  during 
June  1991.  The  results  of  the  present  study  demonstrate 
that  the  CP-I  cao  sustain  aircrew  members  for  five  days 
without  adverse  physiological  effects  and  is  highly 
acceptable.  The  detailed  results  of  this  study  are  discussed 
below  by  topic  area  as  outlined  in  the  methods  section. 

1.1  NuIrttioB  and  Hydration  Slnlus 

Subjects  oonstnned  only  16%  of  their  caloric  needs,  causing 
a  I9,7S0  kcal  deficit  over  the  five  days  (39S0  kcal/d  x  5  d). 
As  expected  with  such  caloric  deficits,  subjects  lost  a 
significanl  amount  of  body  weight,  a  mean  loss  for  the 
combined  groups  of  3.1  ±1.9  kg  or  4%  of  body  weight.  Due 
to  the  short  duration  of  the  FTX  it  is  difficult  to  determine 
the  exact  composition  of  the  weight  that  was  lost  (i.e. 
glycogen,  lean  body  mass,  fat,  and/or  water).  The 
estimates,  derived  from  anthropometry,  indicate  that  of  the 

3. 1  kg  body  weight  lost,  3S%  came  from  fat  free  mass  and 
65%  from  fat  mass.  Dehydration  could  possibly  have 
resulted  in  some  weight  loss;  however,  the  fact  that  subjects 
bad  lower  hemoglobin  and  hematocrits  at  the  end  of  the 
study,  in  addition  to  high  water  intakes  and  low  urine 
specific  gravities,  suggests  that  they  were  adequately 
hydrated  and  little  of  the  weight  loss  could  be  attributed  to 
dehydration. 

Of  the  survival  rations  issued,  caloric  intake  was  only  60% 
(2S25±7g|  kcal/d)  for  the  GP  I  group  and  48%  (21 51  ±877 
kcal/d)  for  the  CP  group.  This  low  caloric  intake  cannot  be 
attributed  to  just  one  cause  but  is  a  combination  of  factors 
that  have  been  observed  in  past  field  studies  (21).  The 
anorexia  (reduced  food  intake  even  when  food  is  readily 
available)  seen  during  this  study  can  probably  be  ascribe  to 
poor  ration  palatabUity,  menu  boredom,  lack  of  time  to  eat, 
decreased  appetite  due  to  increased  exercise,  anxiety  due  to 
simulated  survival  cooditioos,  a  commitment  to  eat  only 
foraged  foods,  and  intentional  dieting. 

It  has  been  hypothesized  that  the  fiiel  stores  used  during  the 
first  few  days  of  semistarvation  are  primarily  carbohydrate 
(glycogen)  and  protein  rather  than  fat  (17).  Glycogen 
reserves  consist  of  approximately  350  g  of  muscle  glycogen 
and  85  g  of  liver  glycogen  (17).  Consequently,  if  an 
individual  were  to  utilize  his  total  glycogen  reserve  it  would 
account  for  approximately  0.5  kg  body  weight  loss. 

Further,  an  individual  will  lose  ^iproximately  40  g  body 
protein/d  during  semistarvation  (22).  This  would  amount  to 
approximately  0.3  kg  body  weight  loss.  Glycogen  and  body 
proteins  are  stored  in  an  aqueous  solution  of  approximately 
3  g  water/g  of  glycogen  or  protein  (17).  The  weight  losses 
observed  during  this  suidy  were  most  likely  due  to  a 
depletion  of  the  subject's  hydrated  glycogen  and  body 
protein  stores  in  addition  to  body  fat  stores. 


It  has  loBg  baan  known  that  wkninislratioB  of  carbohydrate 
in  early  facing  decreases  nitrogeo  loss  and  spares  sodium 
and  water  by  preventing  starvation  ketoacidosis.  In  a 
classic  study  of  life  raft  rations.  GambiB  (22)  showed  that 
when  healthy  young  controls  fastad  for  su  days  they  lost 
approximately  40C  g  of  body  protein  and  1200  ml  of 
associated  water.  When  subjects  were  provided  with  50  g 
gtucose/d  there  was  a  substantial  reduction  of  the  protein 
loss.  When  100  g  glucose/d  was  given  the  protein  loss  was 
reduced  by  half,  but  200  g  glucose  provided  littie  increased 
protection  agamst  body  protem  lots.  These  data  indicate 
that  providing  at  least  100  g  glucoseAJ  will  spare  body 
proteiot  whidi  decreases  the  urine  volume  necessary  to 
excrete  its  by-products.  Although  subjects  in  this  study 
only  consumed  an  average  85  g  CHCVd,  both  rations 
contained  well  over  the  recommended  100  g  CHO/ratioo.  If 
the  GF-1  and  GP  groups  bad  eaten  their  entire  ration 
allotments  they  would  have  consumed  109  g  and  127  g 
CHO/d,  respectively. 

The  protein  content  of  survival  rations  u  intentionally 
limited  to  approxunately  8%  of  total  kilocalories  id 
minimize  the  amount  of  water  military  personnel  must  drink 
to  dispose  of  nitrogenous  waste  products.  (}uiim  et  al.  (23- 
24)  showed  in  his  comparison  of  protein-free  versus  protein- 
supplemented  diets  that  protein  added  to  the  900  kcal  basal 
diet  (0  g  pro/d  versus  43  g  pro/d)  increased  body  water  loss, 
did  not  improve  nitrog>.o  balance,  produced  ketonuria,  and 
was  used  mainly  as  a  source  of  fuel.  In  this  study 
approximately  17%  (159  g  pio/5  d)  of  the  calories  were 
derived  from  protein.  Ration  items  provided  6%  of  calories 
(38  g  pro/5  d)  from  protem  while  supplementary  and 
foraged  foods  contributed  the  other  1 1%  of  total  kcals  from 
protein  (121  g  prQ/5  d).  To  metabolize  159  g  instead  of  38 
g  of  protein,  968  ml  (about  32  oz)  of  extra  water  was 
required.  Since  maintaining  water  balance  during  a  survival 
situation  may  sometimes  be  difficult,  sparing  water  by 
consuming  less  protein  may  be  unportant.  The  trade  off 
between  extra  calorics  obtained  by  foraging  and  their  effect 
upon  water  requirements  requires  a  situation-specific 
evaluation. 

The  percentage  of  calories  coming  from  fat  was 
significantiy  different  between  ration  groups  (41%  GP-I; 

34%  GP).  A  deficit  in  dietary  fat  intake  relative  to  fat 
combustion  has  little  direct  or  immediate  influence  on  the 
physiological  function  or  nutritional  status.  Short-term  fat 
requirements  are  normally  met  from  a  large  body  to  energy 
reserves  that  has  no  immediate  metabolic  function,  but 
serves  solely  as  a  readily-mobilized  energy  reserve  to  meet 
any  shortfall  in  food  energy  intake  (25).  While  n^ative 
energy  balance  can  lead  to  starvation  over  the  long-term,  fat 
energy  deficits  during  short-term  military  operations  are  of 
little  concern.  This  contrasts  with  the  more  serious 
consequences  that  deficits  in  water  and  CHO  intake  can 
have  (hiring  life  and  death  survival  situations.  This 
inclusion  of  fat  in  survival  rations  beyond  that  needed  to 
improve  palatabUity,  and  perhaps  satiety,  may  be 
counterproductive  in  that  it  reduces  the  mass  and/or  volume 
available  in  the  ration  for  carbohydrates  needed  to  maintain 
physical  and  mental  performance. 
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Aay  todiiHi  coamnad  io  Mean  of  the  inatibolic 
Hiqiiiwmwt  will  be  wcieled,  Ifcuf  inoeaiint  tbe  uho*  void 
voImm  faf  dial  day  wbkb  advanaly  affecti  fluid  balance 
aapacially  wImb  water  ia  tcarce.  At  with  pnMeia.  a  low  but 
adaquata  aaiouDt  of  ihii  miiMral  will  tptre  body  water  by 
reducing  the  ainouiit  that  ia  needed  to  excrete  exceaa 
amounta  of  aodiimi.  Since  water  availability  ia  oftea  a 
pKtbiem  during  a  turvival  aituatiiw.  the  lodiura  content  of 
aurvivai  ratiooa  it  limited  to  about  2  g.  Subjecta  conaumed 
an  average  of  1.6  g  todium/d  in  thia  atudy. 

Blood  cbeinialriea  changed  significantly  pre-  to  post-ttudy 
but  moat  variables  remained  withm  normal  pbyiiologKal 
limits.  The  exceptions  were:  uric  acid,  bilirubin,  creatiiie 
kinase  (CK).  lactic  acid  defaydrogenase  (LD),  and  axpaitate 
amino  transferase  (AST).  Uric  acid  ia  formed  from  the 
breakdown  of  nuclmc  acids  and  is  an  end  product  of  punne 
metabolism  (26).  An  increase  in  tbe  production  of  unc  acid 
occurs  when  there  is  excessive  cell  breakdown  and 
catabolism  of  nucleic  acids  as  would  be  seen  during 
starvatioo  and/or  stress  which  probably  accounts  for  the 
elevations  in  these  subjecta  (26).  Bilirubin  is  produced 
from  the  breakdown  of  hemoglobin  of  red  blood  cells  (26). 
Increases  io  physical  activity  by  untrained  individuals  have 
been  associated  with  increased  red  blood  cell  destructioa 
(hemolysis)  (26).  One  of  the  causes  could  be  mechanical 
trauma  inflicted  on  the  capillaries  of  the  feet  from  marchmg 
or  tunning  (27).  Other  facton  may  include  elevated  body 
temperatures,  increased  blood  flow,  acidosis,  and  tbe  effects 
of  catecholamines  (28).  All  these  factors  could  possibly 
have  affected  test  subjects  in  this  study.  Creatioe  kinase 
(CK).  lactic  acid  dehydrogenase  (LO)  and  aspartate  amino 
transferase  (AST)  are  all  enzymes  that  are  found  in  high 
concentrations  in  skeletal  muscle  (26).  The  increased  levels 
of  these  enzymes  in  serum  of  subjects  was  probably  tbe 
result  of  exercise-induced  skeletal  muscle  trauma  occurring 
during  .’he  FTX  (29). 

Blood  lipid  values  were  all  withm  accepted  ranges. 
Cholesterol  and  triglycerides  values  tended  to  decrease  pre- 
to  post-study.  Further,  there  was  an  increase  in  the  HDL 
fraction  and  a  decrease  in  tbe  LDL  fraction  of  cholesterol. 
These  types  of  changes  have  been  observed  during  other 
field  operations  (30-31)  and  during  periods  of  semi- 
starvation,  elevated  work  levels  and  weight  loss  (32). 

Adequate  water  intake  is  vital  to  maintaining  physical 
performance  and  the  well  being  of  military  personnel  during 
survival  situations.  Minimum  water  requirements  for 
survival  in  temperate  conditions  have  been  estimated  to  be 
around  1  L  water/d  (3,1733-34).  Water  intakes  below  I 
LVd  will  result  in  physical  deterioratioo.  It  is  generally 
recommended  that  soldiers  drink  4-6  L  water/d  to  sustain 
optimal  hydration  in  temperate  weather  conditioos  (35). 

This  would  iiKlude  water  used  to  rehydrate  food  and 
beverage  items,  moisture  in  food  and  drinking  water. 
Students  were  educated  about  the  amount  of  water 
necessary  to  maintain  water  balance  and  were  encouraged  to 
drink  plenty  of  water  during  their  training  exercise. 

Results  of  this  study  indicate  subjects  consumed  adequate 
amounts  of  water.  Two  methods  were  used.  The 


elimination  method  provided  valid  of  group  mean 

water  intake  relative  to  the  established  medrod  of  recoedieg 
weler  intake  by  logbook.  Water  intake  by  the  mediod 
and  by  logbook  records  did  not  differ  stgmficendy. 

Laburelory  meesures  of  bythanoo  status  confinned  results 
of  water  intake  indirating  adequate  bydrahoo.  Total  body 
water,  hemoglobin,  hematocrit,  serum  osmolality,  serum 
proteins,  and  unite  specific  gravity  were  measured.  None  of 
the  measurements  reported  were  significandy  different 
between  ration  groiqx.  Total  body  water,  serum  proteins 
and  urine  specific  gravity  remained  relatively  unchanged 
pre-  to  post-study.  There  was  a  signiTicaiit  decrease  in 
hemoglnbm.  hmnatoent.  and  scrum  osmolality  pie-  to  post- 
smdv  which  suggests  an  increase  m  circulating  Mood 
volume.  It  has  been  demonstrated  that  blood  volume  can 
increase  after  contmuous.  short-leim  uaining  (36-37). 

These  data  suggest  that  subjects  bad  no  hemoconcentration 
and  were  well  hydrated  at  the  time  the  study  was 
concluded.  Further,  both  rationt  mainisine«t  hydratioo  status 
equally  well  during  tbe  FTX. 

63  Ration  AccapUncc 

The  field  acceptability  ratmgs  for  both  rations,  in  tbe  range 
of  6  to  9.  were  within  acceptable  standards.  For  example, 
an  average  rating  of  7  or  ‘like  moderately’  is  fell  to 
indicate  a  very  good  product  by  tbe  ration  developeis  (38). 
The  individual  food  items  were  all  rated  above  ‘like 
slightly,’  with  tbe  exception  of  coffee.  This  may  have  been 
due  to  the  tow  number  of  people  who  consumed  coffee, 
which  was  most  likely  because  of  personal  preferences  since 
water  and  heating  were  equally  available  to  both  groups. 
Coffee  packets  were  provided  m  every  ration. 

Tbe  fmal  questionnaue  ratings  for  individual  food  items 
were  lower  than  the  field  ratmgs.  Ratmgs  for  the  cornflake 
and  rice  and  tbe  cornflake  bars  were  virtually  identical. 

Given  that  the  two  bars  were  very  similar  in  appearance  and 
texture,  it's  possible  that  tbe  students  couldn't 
retrospectively  distinguish  the  bars  enough  to  accurately  rate 
them  individually.  However,  tbe  field  data  show  that  even 
when  the  students  rated  tbe  bars  with  the  identification  of 
their  labelled  wrappers,  student  percejition  of  acceptability 
was  much  the  same  for  each  of  tbe  two  bars.  Tbe  GP 
group  was  also  dissatisfied  with  tbe  limited  variety  and 
since  the  bars  they  received  were  very  similar,  taste, 
appearance  and  overall  acceptability  ratings  were  negatively 
affected.  Tbe  CP-I  bad  five  different  bars  while  tbe  GP  bad 
only  three  bars,  two  of  which  (cornflake  and  cornflake  and 
rice)  were  very  similar. 

The  relatively  lower  fmal  questionnaire  ratmgs,  compared  to 
field  ratings,  are  typical  of  other  studies  (39).  Previous 
work  (39)  has  shown  that  fmal  questionnaire  ratings  are 
predictably  lower  than  field  ratings  as  an  effect  of  tbe 
subjects  r^ng  retrospectively  and  indicating  dislike  for 
items  they  might  have  avoided  eating,  and  therefore  avoided 
rating,  in  the  field. 

Tbe  fmal  questionnaiie  indicated  that  tbe  students  thought  a 
survival  ration  was  a  good  idea  and  would  help  them  in  a 
true  survival  situation.  This  group  did  not  care  for  coffee  in 
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the  nktUM.  M  would  have  piefened  beverage  baae,  cocoa, 
powdirad  milk  or  extra  roup  mix,  pouibly  because  of  the 
high  "“HF*****  of  people  who  were  oot  coffee  ckinken.  Also 
the  (burelic  cffiect  of  coffee  coacemed  some,  but  it  has  been 
detennioed  that  one  packet  per  day  would  not  produce 
excessive  diuresis.  Because  many  of  the  younger  military 
personnel  do  not  drink  coffee  sod  prefer  to  have  some  other 
type  of  beverage,  the  coffee  should  probably  be  replaced  by 
some  hot  and/or  cold  beverage. 

Students  also  expressed  a  desire  for  less  cmeal  and  candy 
and  the  addidon  of  a  salty  item,  such  as  jerky,  dried  meal, 
dried  fruit,  or  peanut  butter  and  crackers.  The  request  for 
such  an  item  was  taken  into  consideration.  However,  the 
nutritional  content  of  the  ration  has  been  reviewed  by  the 
National  Academy  of  Sciences  Committee  on  Military 
Nutrition  Research  (4)  which  determined  that  protein  and 
sodium  must  be  restricted  to  conserve  body  water  and 
prevent  ketosis.  Therefore,  the  inclusion  of  meat,  salty 
snack  items  or  salt  packet  may  cause  excessive  body  water 
loss  and  are  not  a  viable  options.  The  soup  and  gravy  base, 
which  was  found  to  be  highly  desirable  in  these  tests, 
provides  the  limited  amount  of  sodium  required.  A  dried 
fruit  product  would  provide  extra  carbohydrate  and  hole  or 
DO  protein  or  sodium  which  is  desirable  m  this  type  of 
ration.  Unfortunately,  dried  fruit,  which  has  a  longer  shelf 
life  than  other  types  of  fruit,  does  oot  have  the  shelf 
stability  which  is  required  in  the  GPT.  Also,  the  volume  of 
thennostahilized  fruits  is  above  the  limit  for  the  GP-I. 

It  was  also  apparent  from  the  final  questioimaiie  that  there 
were  some  problems  with  the  instructions  on  the  rations. 
Many  soidents  did  oot  realize  that  they  could  wld  water  to 
some  of  the  bats  to  make  them  more  cereal-like.  This  may 
have  also  affected  the  ratings  for  acceptability  and  variety 
because  the  students  were  not  able  to  fully  utilize  the 
rations.  While  instructions  for  rehydratioo  are  oot  provided 
on  the  GP  metal  container,  they  are  provided  on  the  CP-I 
box.  Unfortunately,  due  to  the  extremely  rainy  weather 
conditioDs  during  the  study,  the  GP-I  paperboard 
disintegrated.  Adding  a  water  resistant  coating  to  the  box 
would  eliminate  this  problem.  Also,  rehydratioo  instruction 
should  be  provided  on  each  applicable  bar  package.  The 
instructions  were  printed  on  the  outside  of  the  CP  can  and 
the  GP-I  instructioos  were  pasted  on  the  box.  Perhaps 
putting  instructions  right  on  the  bar  packaging  itself  would 
help.  This  would  prevent  the  instructiatis  from  getting  lost 
if  the  ration  is  taken  out  of  the  coDtainer  and  divided  up, 
which  would  probably  happen  in  a  survival  situation. 

On  the  final  questionnaire,  the  students  particularly 
indicated  that  inclusion  of  a  container  to  cook  in  would  help 
prepare  the  ration.  A  high  number  of  subjects  in  both 
groups  reported  heating  water  to  prepare  their  coffee  and 
soup  and  gravy  base.  The  original  padcaging  of  the  GP  was 
a  tin-plated,  key-opened  can  that  could  be  used  as  a  survival 
aid  for  besting  water  and  codting  food.  However,  this  can 
is  no  longer  available.  Therefore,  the  packaging  was 
changed  in  1987  to  an  aluminum,  pull-top  can  that  contains 
four  -  two  by  three  inch  compressed,  cereal  type  bats, 
wrapped  in  cellophane.  This  can  is  no  longer  readily 
available  for  procurement  either  and  is  supplied  by  a  sole 


source  manufacturer  who  is  considenog  replacmg  it  with  a 
plastic  can.  Furthennore.  the  required  inno^  coaling  of  the 
can  flakes  off  when  used  for  cooking  If  the  can  is  heated 
without  adequate  liquid,  toxic  vapors  are  released  For  Ihui 
reason  airmen  are  asked  not  to  use  the  can  for  cooking.  In 
addition,  complamts  have  been  received  that  during  rough 
handling,  it  easily  dents  and  the  lid  often  breaks.  The 
components  of  this  can  are  wrapped  m  cellophane,  which 
does  not  provide  an  adequate  barrier  to  tight,  oxygen  and 
potential  cooianunatioD.  should  the  integrity  of  the  container 
be  compromised.  In  addition,  both  the  Un-plaled  and 
aluminum  cans  are  sized  to  contain  two  by  thrae  inch  bars 
which  are  no  longer  readily  available  for  procureroenl. 

Due  to  problems  with  the  can  and  components,  new 
packaging  was  designed  for  the  GP-I  Each  bar  is 
individually  wrapped  and  vacuum  sealed  m  a  tn laminate 
material  which  is  waterproof  and  impermeable  to  tight  and 
oxygen.  The  six  bars  and  supplements  are  contained  in  a 
paperboard  box  and  packaged  24  packets  to  a  shipping  case. 
While  this  box  cannot  be  used  for  containing  or  heaung 
water,  it  is  readily  available  for  procurement,  can  be  resized 
(if  necessary)  and  is  inexpensive.  For  these  reasons  the 
military  services  have  approved  and  adopted  this  packagmg 
and  will  recommend  that  a  canteen  cup  or  similar  type 
utensil  be  provided  for  cooking/beating  purposes. 

Overall  both  rations  were  nulntioDally  adequate  and  did  not 
adversely  affect  hydration.  The  improved  survival  ration 
(GP-I)  was,  however,  more  palatable  which  in  itself  is 
sufficient  grounds  for  lecommendation. 

7.0  CONCLUSIONS 

Both  rations  had  similar  effects  on  body  weight  loss  and 
hydration  status.  The  GP-I  group  consumed  significantly 
more  kilocalories  in  the  form  of  fat.  The  extra  fat 
consumed  during  this  FTX  probably  moderated  the  body 
weight  toss  but  bad  tittle  effect  on  either  physiologic 
response  or  nutritional  status  of  the  subjects  since  short-term 
energy  deficits  can  be  met  by  using  body  fat  stores. 

The  individual  foods  in  both  the  GP-1  and  the  GP  received 
acceptable  ratings.  The  greater  variety  of  the  GP-I  resulted 
in  mote  positive  ratings  than  the  CP.  Therefore,  the  GP-I. 
with  improvements,  is  the  ration  that  should  be  used  in  the 
future.  The  coffee  should  be  replaced  with  another  hot 
and/or  cold  beverage  powder.  Rehydratioo  instructions 
should  be  printed  on  each  bar  wrapper.  The  GP-I 
paperboard  box  should  be  replaced  with  either  a  can  or 
some  type  of  water  resistant  box  to  [»event  disintegration  of 
packaging. 
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enenaev 

Modem  anted  forces,  as  in  all 
periods  of  history,  are  strongly 
dependent  on  protective 
equlpeent  and  use  technology  to 
achieve  this  als.  Hunan  survival 
■ay  depend  on  natural  factors 
(such  as  cold  or  heat,  storas  or 
flooding,  etc.)  or  on  being 
expopsed  to  hazards  originating 
in  hvutan  activities,  as  in 
warfare  or  accidents.  Anong  the 
arsenal  of  protective  aids, 
clothing  has  long  been  a  well- 
recognised  asset. 

Substantial  developments  in  new 
textile  fibres  and  in  fabric 
construction  techniques  have 
recently  occurred,  resulting  in 
greatly  improved  fabric  or 
garment  properties  when  compared 
with  more  traditional  production 
lines.  Although  strength  and 
chemical  resistance  are  often 
the  principal  aims  of  the  new 
work,  cons^iuential  advantages 
(such  as  improved  resistance  to 
heat  flow,  flammability, 
moisture  vapour  transmission  or 
entrapment,  weight,  thickness 
and  similar  bulk  properties)  can 
result.  The  possible  application 
of  these  developments  to  aircrew 
or  support  staff  use,  with 
beneficial  effects  on  both 
comfort  and  survival  prospects, 
is  worthy  of  serious 
consideration . 

The  paper  surveys  briefly  the 
role  of  textile  materials  in 
enhancing  comfort  and  survival 
prospects,  in  both  cold  and  hot 
climates,  identifying  the  fibre. 


fabric  and  textile  construction 
factors  of  critical  importance. 
An  examination  of  the 
interaction  between  these 
factors,  showing  how  they 
enhance  or  interfere  with  one 
another,  is  also  carried  out  in 
outline. 

Selected  new  textile  fibres  and 
fa  ric  construction  or 
finishing  techniques  are  then 
analysed  to  determine  how  their 
novel  characteristics  can 
improve  their  cold-  or  hot- 
weather  performance,  with  a 
prediction  in  each  case  of  how 
the  advantages  derived  from 
their  incorporation  may 
potentially  be  of  use  in 
improving  aircrew  or  ground 
support  staff  clothing 
applications. 

It  imUPUCTIglT 

Modern  armed  forces  are 
dependent  to  a  considerable 
extent  on  technology  to 
maintain  them  in  a  state  of 
preparedness.  In  addition, 
their  effectiveness  may 
occasionally  be  put  at  risk  by 
unexpected  events,  such  as  an 
accident  or  a  freak  weather 
situation,  which  can  affect 
drastically  the  chances  of 
survival  of  an  individual. 

For  this  reason,  the  matter  of 
protection  is  high  on  the  list 
of  military  prioritieit.  It  is 
crucial,  both  for  the  aim  of 
winning  battles  and  for  the 
preservation  of  morale,  that 
military  authorities  should  be 
perceived  as  attempting  to 
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pr«sttrvtt  life  and  health  for  all 
personnel  as  far  as  possible. 
One  of  the  eajor  aids  in  this 
intent  is  the  judicious  use  of 
textile  materials  in  the  form  of 
protective  garments,  and  this 
application  of  clothing  has  been 
accepted  for  centuries. 

In  recent  years,  however,  we 
have  seen  the  development  of  a 
wide  range  of  new  textile 
laaterials,  and  this  development 
should  be  taken  into  account 
when  planning  protective 
clothing  for  military  purposes. 

2,  eURVIVAL  PROSPECTS 

The  survival  of  a  human  being 
may  occasionally  be  at  risk  for 
a  number  of  possible  reasons. 

For  aircrew  or  ground  support 
staff,  exposure  to  intense  cold 
(in  the  presence  or  absence  of 
water)  or  heat,  to  radiation  of 
various  kinds,  to  mechanical 
force,  and  to  chemical  or 
biological  agents  are  the  major 
risk  factors.  The  person  in 
danger  of  death,  for  instance, 
may  have  baled  out  in  the  Arctic 
or  in  a  cold  ocean,  with  delay 
in  rescue  forced  by  distance  or 
weather  conditions. 
Alternatively,  he  may  be 
subjected  to  fire,  either  in  the 
cockpit  or  in  a  refuelling 
accident,  or  to  the  effects  of 
conventional,  chemical, 
microbiological  or  nuclear 
weapon  attack. 

The  chances  of  survival  from 
such  hazards  depends  entirely  on 
how  effectively  the  cause  of  the 
hazard  comes  into  contact  with 
the  human  being.  The  basic  means 
of  providing  protection  are 
either  to  prevent  the  harmful 
agent  from  being  produced,  or  to 
isolate  the  human  being  from  the 
source  of  harm.  When  there  is  no 
possibility  of  achieving  the 
former  aim  (in  cases  where  enemy 
action  or  unforeseen  accident  or 
weather  conditions  are 
responsible,  for  example)  then 


there  is  no  alternative  but  to 
accept  the  need  for  isolation. 
This  may  be  accomplished  by 
removing  the  human  being  to  a 
safe  distance  but,  where  this 
is  impractical,  then  the 
provision  of  some  kind  of 
barrier  is  the  only  recourse. 

In  theory,  complete  protection 
can  be  provided  against  most  or 
all  of  the  above-listed 
dangers,  but  the  provision  of 
such  protection  may  well  impose 
an  unacceptable  limit  on  the 
dexterity  or  mobility  of  the 
human  being,  or  may  reduce 
survival  prospects  for  some 
other,  totally  unrelated, 
reason,  such  as  by 
asphyxiation,  or  by  heat  stress 
from  perspiration.  The  barrier 
may  be  of  any  appropriate  type. 
To  protect  against  explosion  or 
radiation,  for  instance,  a 
massive  obstruction  may  be 
interposed  between  the  human 
being  and  the  source  of  danger 
to  prevent  the  effects  of  blast 
or  nuclear  material  from 
harming  the  individual  at  risk. 
This  type  of  barrier, 
unfortunately,  totally 
restricts  any  kind  of  movement 
on  the  part  of  the  protected 
person,  so  may  be  unacceptable 
in  many  practical  cases.  In 
contrast,  complete  protection 
against  harmful  chemical 
substances  can  be  achieved, 
again  in  theory,  merely  by 
totally  enclosing  the  human 
being  in  a  plastic  envelope 
which  is  inert  to  attack  by  the 
substance.  Once  more,  though, 
this  protection  is  useless, 
since  the  person  inside  the 
protective  container  cannot 
breathe  and,  even  if  oxygen  is 
supplied,  will  be  unable  to 
survive  because  of  an  inability 
to  dispose  of  body  heat  by 
perspiration. 

Thus,  the  provision  of 
protection  must  be  tempered  by 
care  to  ensure  that  human 
comfort  needs  (which  can  become 
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survival  ones  In  the  llsit)  are 

set. 


Cosfort  say  be  regarded  as  a 
pleasant  state  of  physiological, 
psychological  and  physical 
harmony  between  a  human  being 
and  the  environment.  It  is 
usually  only  noticed  in  its 
absence,  but  our  minds  and 
bodies  are  constantly  working  to 
maximise  our  comfort  level 
without  our  awareness. 

To  provide  an  acceptable  comfort 
level,  then,  it  is  necessary 
that  a  human  being  should  be  at 
the  correct  body  temperature, 
should  not  be  subjected  to 
harmful  bodily  contact  (with, 
for  instance,  sharp  or  abrasive 
objects  and  corrosive  chemical 
reagents) ,  and  should  not  suffer 
from  major  mental  stress.  If 
these  and  similar  conditions  are 
not  met,  then  discomfort  is 
experienced  and  the  person 
suffering  it  will  be  unable  to 
function  efficiently,  a  drawback 
which  may  clearly  be  critical  in 
many  situations  where  members  of 
the  armed  forces  are  found. 

In  addition,  discomfort  can,  in 
the  limit,  involve  the  risk  of 
death  from  other  than  enemy 
action.  Brief  exposure  to  cold 
seas  or  hot  sun,  for  instance, 
can  be  invigorating  or  relaxing, 
but  extended  contact  with  either 
one  can  lead  to  death,  by 
hypothermia  or  heat  stroke 
respectively.  Similarly,  mental 
stress  may  be  exciting  on 
occasion,  but  its  continuing 
presence  can  lead  to  insanity, 
or  even  death,  if  its 
application  is  severe  enough. 

4.  THE  PILBMMA  OW  PROTBCTIOM  MID 
COMyORT 

Thus,  there  is  a  dilemma  between 
the  two  conflicting  aims  of 
satisfying  comfort  and 
protection  needs.  Isolation  can 


give  protection,  but  only  at 
the  cost  of  limited  mobility  or 
a  risk  of  death.  The  examples 
provided  above  are  extreme 
cases,  but  the  same  type  of 
compromise  must  be  faced  in 
virtually  all  instances  where 
protection  is  needed.  A 
firefighter  or  police  officer 
wearing  protective  clothing  is 
not  able  to  move  or  escape  as 
quickly  as  an  unprotected  one. 

A  forest  worker  wearing  heavy 
gauntlets  cannot  manipulate 
chain  saws  or  other  tools  as 
effectively.  An  agricultural 
labourer  wearing  garments  for 
spray-resistance  cannot  work 
for  long  periods  at  a  stretch 
because  of  thermal  discomfort. 

A  se2UBan  in  oilskins  cannot 
move  with  great  agility  round  a 
boat  deck.  A  surgeon  in  a 
rubber  apron  becomes  overheated 
and  has  to  discontinue  an 
operation  temporarily  for  fear 
of  exposing  the  patient  to  risk 
because  of  lost  concentration. 

A  lineman  repairing  electric 
wires,  wearing  heavy  rubber 
gloves  for  protection  from 
shock,  may  be  tempted  to  remove 
them  to  give  him  better  manual 
dexterity  for  handling  wires  or 
climbing  posts.  The  goggles 
worn  by  a  welder,  a  motor¬ 
cyclist  or  a  skier  reduce 
peripheral  vision  considerably, 
hampering  efficient  functioning 
at  the  task  in  hand. 

In  most  cases,  then,  the 
existence  of  a  dilemma,  and  the 
need  to  seek  a  compromise 
solution,  must  be  borne  in  mind 
when  considering  the  design  of 
protective  equipment.  One  of 
the  many  ways  in  which  this 
type  of  compromise  is  sought  is 
by  the  use  of  textile  materials 
for  protective  clothing,  and  a 
range  of  products  expressly 
developed  with  this  end-use  in 
mind  is  already  in  existence. 
Newer  fibres  and  construction 
techniques  currently  in  the 
process  of  development  should 
therefore  be  analysed  to 
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d«t«niln«  how  th«y  can  Improve 
tha  naads  for  protactlon  without 
aacr if Icing  comfort. 
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In  davaloplng  protactiva 
gamants  againat  a  variety  of 
hazards,  it  is  necessary  to 
match  the  risk  to  the  type  of 
property  which  can  reduce  it. 

For  the  purpose  of  this  paper, 
aizMd  primarily  at  aircrew  and 
ground  staff  protection,  it  is 
assumed  that  eight  kinds  of  risk 
should  be  considered.  These  are, 
not  in  any  order  of  assumed 
importance:- 

(a)  protection  against  cold, 
but  relatively  dry, 
conditions  (such  as  Arctic 
exposure) 

(b)  protection  against  cold  and 
wet  conditions  (as  when  a 
pilot  has  to  bail  out  at 
sea) 

(c)  protection  against  high 
temperatures  at  close  range 
(in  the  event  of  a  fire  or 
explosion) 

(d)  protection  against  high 
mechanical  forces 
(occurring  possibly  on 
impact  or  by  gravitational 
acceleration) 

(e)  protection  against  high 
abrasion  (as  when  the  body 
moves  quickly  while  in 
contact  with  a  rough 
surface) 

(f)  protection  against 
radiation  (from  high- 
intensity  light  or  tropical 
svinburn  or  radioactive 
contamination) 

(g)  protection  against  chemical 
or  biological  agents  (when 
handling  toxic  materials 
and  in  germ  or  chemical 
watrfare  conditions,  for 
instance) 


(h)  protection  against 

electrical  shock,  either 
from  contact  with  a  current 
source  or  by  the  generation 
of  static  charge  from 
repeated  contact  and 
separation  of  surfaces. 

In  addition,  it  is  assumed  that 
there  are  relatively  minor 
comfort  needs  to  be  met.  The 
absence  of  these  needs  will  not 
lead  directly  to  life- 
threatening  situations  but  may 
become  dangerous  if  tiredness, 
distraction  or  inattention 
result  from  their  lack.  It  is 
important  to  note  that  the 
psychological  aspects  of 
comfort  may  need  to  be  taken 
into  account  in  establishing 
the  acceptability  of  any 
proposed  garment,  since  a 
protective  system  which  is  felt 
to  invite  ridicule  for  the 
wearer  (if  it  is  perceived  as 
not  "macho"  or  "cool",  etc.) 
will  be  discarded  at  every 
possible  opportunity. 

Thus,  the  design  of  any 
protective  garment  system  is  a 
complex  task.  It  will  almost 
certainly  be  impossible  to 
provide  protection  against  all 
of  the  above  conditions  at  the 
same  time,  so  a  compromise  must 
be  adopted,  based  on  priorities 
established  by  prediction  of 
the  exposure  conditions  to  be 
met  by  the  wearer. 

«.  TEXTILES  AMD  PROTECTIOW 

Textile  materials  are  extremely 
versatile.  They  can  be  made  in 
almost  any  weight,  shape,  size 
or  thickness  desired,  so  that 
they  are  adaptable  to  any  body 
size.  They  can  be  provided  with 
a  wide  range  of  mechanical  or 
chemical  properties.  They  can 
be  made  with  high  or  low 
flexibility,  are  easy  to 
colour,  cut  and  tailor,  and 
lend  themselves  to  virtually 
any  design  criteria.  They  can 
have  high  or  low  values  of  air 


pctMabllity,  water  resistance, 
■oisture  vapour  transeission, 
theraal  behaviour,  strength, 
abrasion  resistance  and  other 
properties  relevant  to  the 
provision  of  protection  and/or 
coafort. 

In  theory,  then,  a  textile 
product  can  be  designed  to 
provide  protection  against  aost 
types  of  hazard,  or  to  give  a 
range  of  coafort  aids.  As  in  the 
general  case,  though,  the  two 
requireaents  are  often 
Incoapatible  and  coaproaises  in 
design  have  to  be  aade.  This 
situation  has  long  been 
accepted,  but  recent 
developaents  in  the  textile 
field  aean  that  there  are  now  a 
considerable  nuaber  of  new  fibre 
types,  and  a  relatively  saall 
nuaber  of  new  production 
techniques,  on  the  aarket. 

Soae  of  these  aay  be  of  use  in 
enhancing  protection  while 
allowing  the  wearer  of  garaents 
aade  froa  the  fibres,  or  with 
the  new  techniques,  to  reaain 
aore  coafortable.  Unlike  the 
rapid  aushrooaing  of  synthetic 
fibre  products  earlier  in  this 
century,  the  growth  has  not  been 
entirely  fueled  by  noraal  aarket 
deaands.  The  aajor  reason  for 
the  change  froa  previous 
scenarios  is  one  of  cost.  The 
expense  of  developing  new  fibres 
is  so  great  that  aost 
aanufacturers  would  hesitate 
even  to  consider  such  a  course 
of  action  without  the  driving 
force  of  aodern-day  needs. 

In  particular,  end-users  for 
whoa  cost  is  not  critical  have 
been  the  source  of  funding  for 
the  extreaely  high  price  of 
introducing  new  aaterials.  The 
aerospace  industry  and  ailitary 
establishaents,  with  urgent 
needs  which  cannot  be  aet  by 
existing  textiles,  have  been 
able  to  fund  research  into  the 
production  of  novel  aaterials 
without  concern  for  cost. 


The  principal  reason  for  the 
high  costs  is  the  fact  that  new 
fibres  are  difficult  to 
develop,  either  because  the 
technology  is  not  knorn  or 
because  it  is  coaplex.  As  a 
result,  aany  approaches  which 
appear  to  be  theoretically 
sound  nay  not,  in  fact,  lead  to 
a  practical  end-product.  Thus, 
the  cost  of  research  which 
produces  a  successful  fibre  nay 
well  include  noney  spent  on 
failed  attenpts  preceding  the 
success.  It  follows  that 
everyday  consuner  deaands  will 
probably  never  again  lead  to  a 
new  product,  though  after  the 
new  naterial  is  developed,  of 
course,  it  nay  well  ultinately 
find  uses  in  a  range  of 
consuaer  narkets. 

A  coabination  of  these  two 
aspects  (high  research 
purchasing  power  and  consuner 
denand)  of  developnent  brings 
about  the  need  to  find 
aaterials  for  enhanced 
protection  of  ailitary 
personnel.  It  provides  a  good 
reason  for  research  into 
possible  new  fibre  types,  and 
it  is  a  valuable  exercise  to 
consider  carefully  the 
characteristics  of  the  new 
aaterials  or  processes, 
developed  recently,  in  the 
context  of  protective  clothing. 
This  paper  is  an  atteapt  to 
exanine  this  aspect  of  the 
developnent  situation.  The 
approach  to  be  used  is  to 
establish  the  textile 
properties  necessary  for 
providing  coafort  and/or 
protection  of  various  types, 
then  to  see  how  these  needs 
conpare  with  the  properties 
possessed  by  the  new  fibre 
types  or  production  techniques. 

At  this  point,  it  is 
appropriate  to  exanine  the 
textile  properties  which  will 
naxiaise  the  ability  of  a 
gament  aade  froa  the  textile 
to  provide  protection  against 


•ach  of  tha  typos  of  hazard 
llstod,  togothor  with  a 
considoratlon  of  the  costs  (in 
taros  of  coofort)  to  be  paid  for 
this  protaction. 

In  cold  cliaatas,  a  taxtila 
naads  to  hava  high  thermal 
rasistanca,  so  that  loss  of  heat 
from  the  b^y  is  slowed  do«m  as 
far  as  possible.  This  property 
is  achieved  by  increasing 
enclosed  "dead  air"  spaces  to 
prevent  air  from  passing  easily 
through  the  fabric  to  carry  away 
body  heat.  Dead  air  space  is 
enhanced  by  using  irregular 
fibres,  formed  into  loosely 
twisted  yarns  spaced  closely 
together,  by  making  the  fabric 
thick,  and  by  raising  or 
brushing  its  surface  to  increase 
hairiness.  The  cost  of 
incorporating  these  changes  is 
mainly  a  loss  of  strength  and 
abrasion  resistance,  so  that  the 
durability  of  the  garment  may  be 
reduced.  In  addition,  a  thick 
garment  tends  to  be  heavy  and 
cumbersome,  so  that  the  burden 
on  the  wearer  is  Increased  and 
mobility  or  dexterity  (both  of 
which  can  be  crucial  in  warfare 
or  Arctic  survival)  may  be 
affected.  Itch  or  other  forms  of 
skin  irritation  may  also  be  a 
factor  to  consider  if  the  raised 
hairs  contact  the  body  directly. 

For  protection  against  high 
temperatures  at  close  quarters, 
flame  resistance  and  heat 
insulation  (the  latter  achieved 
as  above)  are  both  necessary. 
Selection  of  the  optimum  fibre 
type  is  critical  here,  since  any 
garment  which  burns  will  harm 
the  person  wearing  it.  A  major 
need  is  to  prevent  concentration 
of  the  heat,  since  this  can 
produce  localised  burning  of  the 
body  beneath  the  fabric,  so  a 
high  thermal  conductivity  is  an 
advantage  for  the  outer  surface 
of  the  system,  in  conjunction 
with  the  low  conductivity  within 
it.  High  thermal  conductivity  is 
obtained  only  by  selection  of  a 


conducting  material  as  a  part 
of  the  fibre  assembly.  The 
combined  nature  of  such  a 
system  may  well  necessitate  a 
high  weight,  with  all  its 
disadvantages  again,  and  an 
impedance  to  moisture  vapour 
transfer. 

For  protection  against  high 
mechanical  forces,  an  ability 
to  ^U^sorb  and  dissipate  energy 
rapidly  throughout  the 
structure  is  needed.  This 
behaviour  is  enhanced  by 
increasing  the  thickness  of  the 
structure,  by  having  a 
multilayer  system,  by  close 
spacing  of  the  yarns  or  other 
components  of  the  fabric  and  by 
using  fibres  with  high  breaking 
energy  but  low  energy  recovery, 
so  that  the  localised  effects 
of  impact  are  dissipated 
extremely  quickly,  before  a 
projectile  can  penetrate  the 
textile  structure.  This  may 
well  involve  a  cost  of  high 
weight,  overheating  of  the 
body,  and  a  cumbersome  garment 
system,  all  of  which  tend  to 
make  movement  difficult. 

The  provision  of  abrasion 
resistance  is  similar  in 
nature,  since  the  requirement 
is  for  the  same  kind  of  fibre, 
with  good  resistance  to 
fracture  and  an  ability  to 
dissipate  energy,  but 
incorporated  this  time  into  a 
garment  with  an  ability  for  the 
yarns  to  move  freely  to 
distribute  energy.  This  change 
will,  of  course,  increase  air 
permeability,  thus  reducing 
thermal  insulation  and  liquid 
water  resistance  while 
enhancing  moisture  vapour 
transmission. 

For  radiation  protection,  the 
bulk  of  material  is  once  again 
the  vital  factor,  so  that  a 
thick  textile  with  many  layers 
and  tightly~interlaced 
construction  will  be  most 
effective.  It  should  be  noted. 


though,  that  text i la  structures 
in  general  are  not  effective 
against  radioactive  sources,  so 
■ust  be  used  in  conjunction  with 
SOM  other  fore  of  aaterial 
(like  lead  sheets,  for  instance) 
to  guard  against  radiation 
daaage  of  this  type.  As  before, 
thickness,  bulk  and  weight  bring 
about  problems  of  loading,  heat 
discomfort  and  lack  of  mobility 
or  dexterity,  all  of  which  will 
be  heightened  by  the  presence  of 
lead  sheets  or  similar 
radiation-blocking  devices . 

Chemical  or  biological  hazards 
are  more  complicated  to  resist. 
They  demand  a  structure  which  is 
impermeable  to  the  flow  of 
liquid  or  vapour,  and  which  will 
thus  be  associated,  as  mentioned 
earlier,  with  great  difficulty 
in  providing  heat  and  moisture 
outlet.  The  wearer  will,  in 
consequence,  not  be  able  to 
breathe  or  perspire  freely,  so 
that  physiological  stability 
(and  possibly  survival)  will  be 
at  risk.  Furthermore,  the  fibre 
type  of  which  the  textile  is 
made  will  have  to  be  resistant 
to  the  action  of  the  agent  to 
which  it  is  exposed,  and  also  to 
any  accidental  damage  in  the 
form  of  tearing  or  abrasion  into 
holes,  so  that  penetration  of 
the  harmful  agent  into  the 
interior  of  the  structure  cannot 
take  place. 

The  matter  of  electrical  shock 
involves  two  separate  factors. 
For  resisting  the  flow  of 
current  electricity,  good 
electrical  insulation  is  needed. 
On  the  other  hand,  for  the 
prevention  of  static  shock 
(which  is  not  normally  fatal  in 
a  healthy  human  being,  but  which 
can  bring  about  a  fatal  accident 
if  it  causes  loss  of  attention 
or  control  when  a  dangerous 
burden  is  being  carried  or  if, 
say,  a  flammable  solvent  is 
being  handled) ,  a  material  with 
good  conductivity  is  preferred 
to  remove  the  high  charge 


density  from  the  vicinity  of 
the  body  as  quickly  as 
possible.  As  is  the  case  for 
high- temperature  exposure,  if 
both  types  of  electrical  hazard 
are  likely  to  be  encountered 
together,  a  combination  of  high 
surface  conductivity  and  high 
bulk  insulation  in  the  interior 
of  the  structure  will  be 
needed. 

Thus,  it  is  evident  that 
compromises  will  almost  always 
have  to  be  made,  with  the  exact 
properties  needed  in  the 
protective  system  being 
designed  to  meet  a  specific  set 
of  circumstances.  A  second 
class  of  compromise,  in  which 
comfort  needs  may  have  to  be 
sacrificed  to  some  extent,  will 
also  be  required. 

7.  m  MATBRIALS 

In  recent  years,  a  number  of 
new  textile  materials  have  been 
developed,  and  it  is  feasible 
to  examine  their  properties  to 
determine  whether  they  are  able 
to  meet  the  needs  of  protective 
clothing  better  than  existing 
ones  do.  There  are 
approximately  sixty  of  such 
potential  materials.  They  may 
be  classified  into  four 
distinct  groups,  those  in  which 
the  new  fibre  is  a  modification 
of  an  existing  one,  those  which 
are  not  yet  commercially 
available,  those  which  are 
unsuitable  for  protective 
garment  use  for  various  reasons 
(usually  because  they  are 
designed  for  a  specific  end-use 
which  necessitates  properties 
making  them  incompatible  with 
this  application,  for  example) 
and  those  which  are  truly  new. 

The  fibres  which  are  "new"  in 
the  sense  that  they  are  a 
recent  addition  to  the 
materials  available  include  (in 
alphabetical  order,  with  their 
manufacturers,  and  not  intended 
to  imply  any  preference) 
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(Mczo,  Du  Pont,  Enka,  Lansing, 
ttona>Poulanc,  Toijin  and 
Unikita) ,  oar^n  (Calanasa, 
Hysol,  Kuraha,  Nippon,  Sigri, 
Stacpola,  Tray  and  Union 
Carbida) ,  phallic  (Courtaulds, 
SaintHSobalin-Iaovar  and  Toyo 
Manka),  PolTaorrlata 
(Courtaulds),  polTb^aimidasola. 
tBl  (Hoachst-Calanasa) , 
pqiTtmrttkfgfctVaBfti  ?»H 
PKK  (Hoachst-Calanese,  ICI  and 
Taijin),  nelTathariaida.  PEI 
(Akzo,  GEI  and  Taijin), 
polTOhanYlana  aulPhida,  PP8 
(Bayer,  CIBA-Gaigy,  GEP, 
Hoachst-Calanesa,  Phillips, 
Luxilon,  Shakespeare,  Solvay, 
Teijin  and  Toyobo) ,  pg^ylajlds 
(Lenzing  and  Rhona-Poulenc)  and 
(Snia), 

Fibres  which  are  a  modification 
of  those  already  in  existence 
(and  which  should  be  used  to 
replace  them  if  their  properties 
are  more  suitable)  include  new 
forms  of  servile  (Courtaulds  and 
Toyobo),  ggllMlPtlfi 
(Courtaulds),  ehloroflbres 
(Rhona-Poulenc) ,  polYamlde 
(Atochem,  DSN,  Du  Pont,  Rhone- 
Poulenc  and  Teijin),  polyester, 
including  an  aromatic  copolymer 
(Hoechst-Celanese,  ICI, 
Nontefibre,  Rhone-Poulenc  and 
Sumimoto) ,  polyethylene  (Allied 
Signal,  DSN,  Nitsui  and  Snia) 
and  polypropylene  (Courtaulds, 
Drake,  BTF,  Bonar,  Teufel- 
Berger,  Polisilk  and  Rifil) 
fibres. 

Other  new  fibres  found  in  the 
literatiure,  such  as  ceramic, 
glass,  liquid  crystal  polymers, 
metallic, 

polytetraf luoroethylene , 
polyvinyl  alcohol,  quartz,  and 
silica,  may  be  dismissed  from 
further  consideration  because  of 
incompatibility  of  various  kinds 
with,  or  unsuitability  for,  the 
intended  end-use,  and  a  few 
remaining  fibre  types  noted,  not 
mentioned  to  date,  are  still  in 
the  experimental  state,  and  are 
unlikely  to  appear  commercially 


for  a  decade,  if  at  all. 

ft  riMi  FRCTllTTW 

In  order  to  establish  the 
usefulness  of  these  new  fibre 
types  in  protective  clothing 
applications,  it  would  be 
necessary  to  carry  out  an 
investigation  to  determine  how 
they  compare  with  more 
traditional  ones.  Because  they 
are  numerous  and  have  such 
different  characteristics 
(usually  developed  for  specific 
end-uses) ,  it  is  informative  to 
examine  the  nature  of  each  type 
individually,  to  determine 
whether  any  of  the  critical 
properties  for  protective 
garment  purposes  are  present. 

The  properties  which  are  most 
critical  for  military  purposes, 
in  the  context  of  a  conference 
focused  on  the  support  of  air 
operations  under  extreme  hot 
and  cold  weather  conditions, 
are  primarily  those  providing 
or  maintaining  comfort  in 
difficult  climatic  situations. 

In  the  former  case,  any 
protection  must  be  provided 
with  a  minimum  of  weight  and 
the  garment  should  resist 
potential  disintegration  in 
the  presence  of  high-intensity 
light,  water  (in  the  form  of 
rain  and/or  perspiration)  and 
abrasion.  Clearly,  there  are 
incompatible  needs  here.  Light 
weight  fabrics  tend  to  abrade 
and  wear  more  rapidly  than 
heavier  ones,  and  tend  to  be 
less  of  a  barrier  to  radiation 
or  water.  In  addition,  of 
course,  the  other  protective 
needs  (from  impact,  electric 
shock  and  fire,  for  example) 
may  also  tend  to  be  met  less 
readily  if  a  thinner  fabric  is 
used.  The  vital  need,  then,  is 
for  an  initially  high  value  of 
mechanical  integrity  (including 
strength  and  abrasion 
resistance) ,  in  a  fabric  of 
light  weight,  which  is 
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MintalnAd  aft«r  ultraviolat 
axposura. 

For  cold-waathar  protaction, 
tharaal  rasiatanca  is  tha  sost 
crucial  factor.  This  tands  to  ba 
anhancad  by  tha  usa  of  sany 
layars  of  clothing,  but  this 
stap  laads  to  an  ispairad 
nobility  and  daxtarity,  so 
cuMprosisa  is  ones  again  naadad. 
Thara  is  also  a  naad  to  pravant 
tha  condansation  of  soistura 
fros  parspiration  insida  tha 
fabric  structura  during  parlods 
of  Intansa  activity,  sinca  the 
high  tharsal  resistance  will  be 
reduced  or  lost  by  this  change. 
Again,  too,  tha  properties  oust 
ba  provided  in  a  Banner  which 
allows  then  to  ba  retained,  with 
no  dialnutlon  after  use  in 
conditions  of  high  ultraviolet 
exposure,  abrasion  and 
parspiration.  Thus,  for  both  hot 
and  cold  situations,  a  strong 
fabric  with  good  resistance  to 
cliBatlc  and  use  conditions  is 
needed . 

In  addition,  there  will  be 
secondary  critical  requirements, 
depending  on  the  precise  end-use 
envisaged,  in  Balntaining  the 
garaent,  the  ability  to  dye, 
launder,  tailor  and  repair  the 
material  may  be  important,  as 
also  may  its  resistance  to 
shrinkage,  chemical  agents,  or 
electric  current.  A  literature 
search  for  the  purposes  of 
establishing  the  properties  of 
new  fibres  should  therefore 
identify  those  which  might  be 
worth  investigating  further. 

Most  of  the  fibres  are  strong, 
but  there  is  little  information 
published  on  abrasion 
resistance,  mainly  because  the 
fibres  are  newly-developed  and 
the  work  of  investigating  this 
property  (except  as  noted  below) 
has  not  yet  been  carried  out. 
Fibres  found  to  have  low 
tolerance  to  light  exposure  in 
their  currently  available  forms 
include  aramid,  phenolic. 


po lye theretherket ones  ( both 
PEEK  and  PEX) ,  polyetherimlde 
(PEI) ,  polyphenylene  sulphide 
(PPS) ,  and  aromatic 
copolyester.  In  addition, 
aramid,  carbon,  phenolic  and 
oxidised  acrylic  fibres  are 
difficult  or  impossible  to  dye, 
so  should  be  eliminated  from 
further  consideration  if  this 
is  a  crucial  requirement 
(because  of  uniform  or 
camouflage  colouring  needs,  for 
instance)  in  protective  garment 
production.  The  fibres 
remaining  after  eliminating 
these  "unusable”  ones  may  then 
be  subjected  to  more  detailed 
analysis,  with  results 
summarised  below. 

».  -imr  FIBRE  TYPES 

(a)  polyacrylate  is  a  flame- 
retardant  material 
especially  developed  for 
non-woven  fabric 
production.  It  is  used  most 
commonly  as  a  flame 
barrier,  and  no  information 
about  its  strength  or 
abrasion  resistance  has  as 
yet  been  found,  though 
these  properties  are 
expected  to  be 
satisfactory. 

(b)  polybenz imidazole  (PBI)  is 
also  flame-retardant, 
possessing  high  resistance 
to  chemical  attack  and  to 
degradation  by  heat.  It  has 
excellent  abrasion 
resistance,  but  is  very 
expensive. 

(c)  polyimide  is  again  flame- 
and  chemical-resistant, 
though  it  suffers  from  high 
shrinkage  on  heating.  It  is 
currently  used  in  the 
manufacture  of  reinforced 
panels  and  has  only 
recently  apeared  in 
sufficient  quantities  for 
commercial  fabric 
production. 
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(d)  polyoxamida  has  relatively 
high  absorbency  and  is  very 
soft.  Baking  it  a  luxurious 
saterial.  It  has  a  high 
tensile  strength,  with  good 
elongation  behaviour,  and 
is  easily  dyed  by  a  variety 
of  processes.  Printing  is 
difficult,  because  of  its 
absorbent  nature,  so  the 
Manufacturers  recoBsend 
that  it  should  be  used  only 
in  solid  colours  or  in  a 
yarn  dyed  fabric.  No 
inforBation  has  yet  been 
found  on  its  abrasion 
resistance  properties.  It 
is  currently  used  aainly  in 
blends,  with  natural  or 
synthetic  fibres,  to  reduce 
the  cost  of  articles  made 
froB  it. 

10.  MOPiricATiona  ow 

mtraditiomal”  pibrb  ttpm 

The  fibres  which  may  be  regarded 
as  modified  versions  of  those 
existing  already  should  next  be 
considered,  as  follows. 

(a)  acrylic  (Imidex)  fibres, 
made  by  Courtaulds,  are 
flame  and  chemical 
resistant,  and  have  a  high 
absorbency,  but  relatively 
low  strength. 

(b)  chlorofibres  also  have  a 
low  tensile  strength  and 
moisture  absorbency,  and 
soften  at  low  temperatures, 
so  would  easily  be  marked 
or  destroyed  by  cigarette 
heat  or  hot  engine 
cowlings,  for  example. 

(c)  cellulosic  (Tencel)  fibres, 
also  from  Courtaulds,  have 
only  recently  been  made 
commercially  available,  but 
the  manufacturers  are 
looking  for  potential  field 
trials  and  use  of  the 
fibres  may  be  worth 
investigating.  They  have 
high  strength,  elongation 
and  absorbency,  but  no 


information  is  apparently 
published  yet  on  abrasion 
and  light  resistance. 

(d)  high-tenacity  polyamide  has 
high  temperature  stability 
and  strength,  but,  once 
again,  no  information  on 
abrasion  resistance  is 
published.  Since  normal 
polyamide  is  very  subject 
to  light  degradation,  this 
version  may  suffer  from  the 
same  fault. 

(e)  high  tenacity  polyester  has 
extremely  high  strength  and 
retains  this  property  at 
high  temperatures .  Its 
cross-sectional  strength  is 
low,  so  some  care  may  be 
necessary  during 
manufacture.  One  source 
mentioned  in  passing  that 
it  appears  to  have  poor 
light  resistance,  a 
surprising  fact  for 
polyester  and  one  which 
should  be  checked,  either 
by  testing  or  by  contacting 
the  manufacturers,  before 
eliminating  it  from  the 
list  of  useful  types  of 
polyester.  It  is,  though, 
costly  to  produce,  so  may 
be  eliminated  on  these 
grounds . 

(f)  high  modulus  polyethylene 
exhibits  very  high  tensile 
strength,  good  elasticity 
and  excellent  resistance  to 
chemicals  and  weathering 
(as  does  polypropylene  to 
a  lesser  extent)  but  both 
have  a  fairly  low  melting 
point,  which  may  again 
cause  problems  from  lighted 
cigarettes  or  hot  engine 
parts.  One  source  mentioned 
some  concern  about  creep 
(which  could  affect 
dimensional  stability) ,  but 
others  made  no  observation 
on  this  point. 
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n,  tiMCTifli  or  fUM  .nM  mi 

mimax  WMonerm  Mmictaicm 

It  is  cl«ar  that,  for  succaaaful 
incorporation  of  a  fibre  into  a 
protective  garaent,  the  initial 
properties  nust  be  acceptable 
and,  also,  the  critical  factors 
of  light  fastness  and  abrasion 
resistance  must  reaain  high  over 
the  life  of  the  fabric. 

With  these  points  in  nlnd,  the 
fibres  mentioned  above,  together 
with  existing  "traditional"  ones 
(such  as  polyamide,  polyester, 
acrylic,  modacryllc  and 
polyolefin)  can  now  be  examined 
more  carefully.  Of  the 
traditional  fibres,  polyamide 
has  a  well-kno%m  tendency  to 
lose  abrasion  resistance 
drastically  when  exposed  to 
light,  and  it  is  probably  this 
property  which  is  mainly 
responsible  for  the  shortened 
life  of  current  products  made 
from  this  fibre.  The 
conventional  type  of  polyamide 
should  therefore  be  eliminated 
from  further  consideration. 
Polyolefin  has  a  low  melting 
point,  resulting  in  the 
potential  for  easy  damage  when  a 
cigarette  is  dropped  on  it,  so 
may  also  not  be  suitable  for  the 
end-use.  Similarly,  polylmide 
(which  is  not  likely  to  be 
available  in  commercial 
quantities  for  some  years) , 
chlorofibres  and  high  modulus 
polyethylene  or  polypropylene 
(which  all  soften  too  easily,  so 
are  likely  to  suffer  damage)  are 
all  dubious  candidates  for 
protective  garment  manufacture. 
In  addition,  high-tenacity 
polyamide  (which  is  suspected 
likely  to  have  poor  abrasion 
resistance  after  prolonged  light 
exposure)  should  be  regarded  as 
less  promising. 

Thus,  seven  fibres  with  possible 
application  in  this  field  remain 
to  be  discussed.  These  are, 
again  in  alphabetical  order 
without  indication  of 


preference,  acrylic, 
cellulosic,  modacryllc, 
polyacrylate, 

polybenzimidazole,  polyester 
and  polyoxamlde,  with  the 
optimum  variant  of  each  fibre 
type  being  selected  where  any 
difference  within  a  generic 
group  exists.  In  the  ideal 
situation,  all  seven  would  be 
evaluated  to  compare  their 
suitability,  as  long  as 
budgetary  constraints  would 
permit  this  approach.  (There 
may  also,  of  course,  be  some 
unexpected  reason  why  any  of 
them  may  not  be  suitable, 
because  of  high  cost  or  low 
availability,  for  exeuaple) .  In 
an  effort  to  eliminate 
candidates  still  further,  then, 
it  is  worth  ranking  them  by 
using  the  criteria  developed 
earlier. 

Acrylic  fibres  have  moderate 
tensile  strength,  abrasion 
resistance  and  chemical 
resistance,  with  low  absorbency 
and  flame  resistance,  but  are 
high  in  resilience,  biological 
resistance  and  resistance  to 
environmental  (that  is,  for 
instance,  light  or  weathering) 
degradation.  The  new  cellulose 
has  good  strength,  resilience 
and  absorbency,  but  only 
moderate  chemical  resistance, 
with  low  biological  and  flame 
resistance.  Its  abrasion  and 
environmental-resistant 
characteristics  are  not 
specified,  but  are  not  expected 
to  be  high.  Modacryllc  fibres 
have  high  values  of  resilience, 
flame  resistance  and  biological 
resistance,  but  moderate 
strength,  abrasion  resistance, 
chemical  resistance  and 
environmental  resistance,  with 
low  absorbency.  These  three 
should  therefore  be  placed 
lower  in  the  list  of  preferred 
types  at  this  stage. 

Of  the  other  four,  as  far  as 
can  be  predicted  on  logical 
grounds  based  on  chemical 


* 


m 


structur*  (sine*  not  all 
IMTopartias  ara  publishad  or 
invastigatad) ,  all  will  hava 
high  valuaa  of  strangth, 
raailianca,  chaaical  raaistance, 
biological  raslatanca  and 
anvlronaantal  raslatanca. 
Absorbancy  is  high  for 
polybanzisidazola  and 
polyoxaaida,  but  low  for 
polyastar  and  polyacrylata. 

Flaaa  raslatanca  is  aodarata  for 
polyastar  and  high  for  tha  other 
three  fibres.  Thus,  tha  only 
critical  factor  reaaining  is 
abrasion  resistance  and, 
unfortunately,  there  is  a  dearth 
of  inforaation  for  two  of  the 
fibres  (poly aery late  and 
polyoxanide)  in  this  area.  FBI 
has  an  astonishingly  high 
abrasion  resistance  (it  cannot 
be  cut  with  a  knife,  though  nay 
suffer  fron  production 
difficulties  as  a  result)  and 
polyester's  abrasion  resistance 
is  also  high. 

Thus,  if  all  the  properties  are 
taken  into  account,  with  equal 
weight  being  given  to  then,  the 
ranking  is  in  the  approxinate 
order  FBI,  polyox2UBide, 
polyacrylate,  polyester, 
nodacrylic,  acrylic  and 
cellulose,  with  high-tenacity 
polyanide  also  being  a  possible 
candidate.  The  decision  on  which 
fibres  to  Investigate  further 
for  use  in  protection  then 
becones  a  financial  one. 

WD  FABRIC  PRODOCTIOII 

If  an  investigation  of 
usefulness  in  protective 
clothing  is  carried  out,  a 
logical  order  should  be 
followed.  Once  a  decision  is 
teUcen  on  which  fibres  to 
investigate  further,  all  of 
those  which  are  to  be  considered 
should  be  made  up  into  fabrics 
in  the  most  economical  way 
possible,  using  Identical 
processing  conditions  without 
regard  for  achieving  optimum 
ones,  so  that  the  fibres  can  be 


subjected  to  intensive  testing 
to  determine  their  comparative 
performance  under  specified 
circiimstances.  In  addition,  the 
availability  in  commercial 
quantities  should  be  explored 
more  fully  with  manufacturers. 
Despite  the  newer  techniques  of 
production  on  the  market,  it  is 
probable  that  weaving  would 
still  be  preferred  for  fabric 
construction,  since  it  gives 
the  most  durable  end-product  of 
all  the  manufacturing  methods 
currently  available.  However, 
the  possibility  of  using 
recently-developed  coating 
techniques  (to  improve  water-, 
chemical-  or  microbiological- 
resistance,  for  example)  for 
obtaining  improved  protection 
should  be  considered  seriously. 

Once  the  fabrics  have  been 
obtained  from  the  fibres 
selected,  tests  of  the  critical 
properties  should  be  carried 
out.  Evaluations  of  strength 
and  abrasion  resistance  under 
accelerated  degradative 
conditions,  before  and  after 
subjecting  the  samples  to 
ultraviolet  light  exposure  in 
the  Weatherometer ,  should  be 
conducted  in  an  effort  to  rank 
the  fibres  in  order  of 
suitability  for  each  specific 
end-use  activity. 

Any  investigation  should  take 
into  account  all  added  benefits 
which  may  arise.  The  question 
of  whether  a  fibre  imparts  good 
moisture  vapour  transfer  (for 
reduced  perspiration  retention 
in  high  temperatures  or  at 
intense  levels  of  activity  in 
the  Arctic) ,  or  has  good  flame 
resistance,  or  a  low  density, 
or  is  environmentally  less 
damaging  than  a  competitor,  for 
instance,  may  have  some  bearing 
on  the  decision  of  which  fibre 
type  to  use  for  which  task. 

Only  then  will  it  be  possible 
to  be  sure  that  the  optimum 
combination  of  fibre  type  and 
construction  techniques  for  the 
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<l««ir*d  application  in  aircrew 
or  sui^rt  staff  uaa  has  bsan 
achisvsd.  By  this  ssans,  comfort 
and  s^u^vival  prospects  will  tmth 
be  enhanced  to  the  saxisua 
extent  possible. 

Mf  WCfcgfI9W 

The  need  for  protection,  whether 
fros  natural  or  human  hazards, 
remains  paramovint  in  military 
activities.  Textile  products,  in 
the  fora  of  clothing,  are  an 
invaluable  aid  to  this  end,  and 
new  materials  should  be 
investigated  to  determine 
whether  they  are  more  effective 
than  traditional  ones.  In 
extreme  conditions  caused  by  hot 
or  cold  climates,  comfort 
aspects  must  also  be  taken  into 
accovmt  for  maintaining 
personnel  in  a  state  of 
efficient  readiness,  since  the 
provision  of  protection  without 
concern  for  comfort  can  lead  to 
survival  risk  or  hinder  mobility 
and  dexterity.  From  published 
literature,  a  number  of  fibres 
appear  to  offer  substantial 
improvements  in  offering 
enhanced  protection  without 
sacrificing  comfort  unduly. 


* 


•  • 


•  • 


12-1 


PIBB'BBSiaTANT  WATER  VAPOUR  PERMEABLE  BUOYANT  INSULAT1CH4 


WMMkMUflMt 

BrtMiFaniwMtk 

M.ET.A  Reaeaich  Inc. 
#101-3840  Jnoombn  Road 
Richmond,  B.C.,  Canada 
V6V  1Y6 


♦ 


summary 

Oampaied  to  closed  ceil  foam,  constant  wear 
garments  designed  with  this  material  provide  added 
omnfoit  due  to  increased  heat  losses  during 
sweating,  shortened  drying  times  after  sweating,  and 
added  flexibility.  Alttough  introducing  water 
vapour  permeability  causes  a  degradation  to  the 
material’s  cold  water  immersion  protection,  the 
integrity  of  its  Are  protection  and  buoyancy  remains 
unalter^ 

UST  OF  SYMBOLS 

Q  Heat  Flow  (W-m’*) 

R,  Thermal  Resistance  (m^-K-W'‘) 

Ry  V^ur  Resistance  (sm  ') 

Buoyant  Force  (N) 
m  Mass  (kg) 

t  Time  (hr) 

T,  Air  Temperature  (C) 

T,  Plate  Surface  Temperature  (Q 

T.  Water  Temperature  (C) 

f  Wave  Frequency  (Hz) 

Average  wave  height  (m) 

RH  Relative  Humidity  (%) 

TFP  Thermal  Protective  P^ormance 

FR  Flame  Retardant 

MAC  Mustang  Aviation  Coverall 

PVC  Polyvinylchloride 


M  INTRODUCTION 

Current  constant  wear  aviation  coveralls,  insulated 
with  closed  cell  foam,  are  worn  to  provide  buoyancy 
and  hypothmnia  protection  in  the  case  of  accidental 
cold  water  inunetsion.  These  coveralls  lead  to 
thermal  stress  and  reduced  comfort  whoi  worn  in 
hot  environments  or  when  users  engage  in  moderate 
physical  activiQr^ 

The  onset  of  heat  stress  in  warm  environments  is 
hastened  by  the  excessive  thermal  insulation 
required  in  the  advent  of  accidmital  cold  water 
immmkm.  Many  of  these  coveralls  incorporate  an 
insulating  layer  or  shdl  which  is  impermeable  to  die 


diffusion  of  water  viqrour,  hence  there  is  no 
evaporation  of  sweat  from  the  skin.  The  benefits  of 
evaporative  coding  are  not  utilized  and  moisture  will 
accumulate  in  the  underclothing. 

The  purpose  of  this  study  was  to  design  and  test  a 
fire-resistant,  water  vapour  permeable,  buoyant  and 
diermally  insulating  material  for  use  in  these 
garments. 

1.1  Functlnn  of  Proposed  Material 

Holes  were  punched  through  the  layer  of  PVC  foam 
to  provide  padiways  for  v^ur  difftision  and  thermal 
radiation.  These  holes  allow  some  sweat  to 
evaporate  directly  at  the  skin  since  this  aids  in 
keeping  die  user  cool  and  dry  during  periods  of 
moderate  activity  with  low  but  afqireciably  amounts 
of  sweat  (Figure  1). 


Hydrophflic  fabrics  were  placed  on  each  side  of  die 
foam.  Sewing  these  fabrics  together  forms  fabric 
and  thread  padiways  for  transporting  liquid  sweat 
through  the  foam.  These  pathways  allows  sweat  to 
be  rapidly  absorbed  from  the  user’s 
sldn/underclothing,  wicked  through  the  layer  of 
closed-cell  PVC  foam  and  then  thinly  spread  next  to 
the  outer  shell  for  evaporation. 
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It  MTOiOD  AND  RESULTS 

2.1  OpRrtBrtl— •fy«briCT 

To  optioiize  tfck  fabric  ensemble  required 
examinatioa  of  the  following  parameters: 

-  size  uul  density  of  the  holes  punched  in  the 
doaed<ell  PVC  foam. 

-  wicking  and  drying  rates  of  the  hydrophilic  FR 
£R>rics. 

-  wkldng  rate  of  the  thread  sewn  through  the  layer 
of  foatiL 

-  water  vapour  permeabilities  of  the  various  fabric 
layers. 

-  FR  integrity. 

2.1.1  Addlthm  of  Evaporative  Pathways 

A  combination  of  theory^  and  sweating  hot  plate 
experiments^  were  conducted  on  various  fabric 
ensembles.  Initially,  the  ratio  of  punched  hole  area 
to  solid  foam  area  was  varied  to  quantify  the 
increase  in  heat  loss  due  to  the  addition  of 
evaporative  and  radiative  pathways.  To  understand 
the  mechanical  effects  caused  by  punching  holes 
through  the  foam,  the  material’s  flexibility,  tear 
strength  and  buoyancy  were  monitored. 

Punched  holes  diameters  in  excess  of  1.1  lO*^  m 
were  required  to  ensure  existing  manufacturing 
methods  could  achieve  adequate  surface  contact 
between  the  two  layers  of  hydrophilic  FR  fabric, 
within  the  hole  site.  This  direct  contact  is  essential 
to  providing  good  liquid  transport  characteristics. 

The  spacing  between  adjacent  hole  centers  depends 
upon  the  desired  ratio  of  punched  hole  area  to  solid 
foam  area.  Increasing  hole  area  has  the  desirable 
effects  of  increased  vapour  diffusion  and  increased 
flexibility,  but  the  undesirable  effects  of  in-water 
insulation  loss  and  decreased  buoyancy.  No  clear 
optimum  exists;  hoice  the  ratio  was  arbitrarily 
clH>sea  as  25%  -  75%.  A  spacing  of  2.0-10'^  m 
between  the  centers  of  adjacoit  1.1  -1(7^  diameter 
holes  provides  this  ratio.  The  foam  thickness  has  to 
be  increased  by  25%  to  maintain  a  constant  buoyant 
force  per  unit  area  of  material.  Decreasing  the 
gracing  between  the  holes  to  achieve  a  higher  ratio 
of  hole  to  solid  foam  decreases  the  material’s 
breaking  strength.  It  was  obsoved  that  punching 
this  matrix  of  boles  doubles  the  foam’s  flexibility. 


2.1J  WteMi«  fcbrica  and  thmda 

The  vertical  wicking  rates  of  liquid  water  through  the 
inner  and  outer  FR  fabrics  were  measured  to 
establish  which  fabrics  provide  rapid  liquid  transport 
Drying  rates  and  fobric  weights  (dry/saturated)  of 
du^  fabrics  were  also  measured  since  minimum 
fabric  weights  and  maximum  drying  rates  were 
desirable.  Water-repellent  FR  fabrics  were  examined 
for  use  as  an  outer  shell. 

FR  aramid-viacose  blends  and  FR  aramids  with 
pomanent  hydrophilic  flnishes  provide  higher  rates 
of  wicking  and  evapontion  than  untreated  FR 
aramids  (Figure  2  -  3).  Light-weight  aramid-viscose 
blends  (119  gm'^  were  chosen  as  the  wicking 
fabrics,  since  diey  do  not  increase  the  garment’s 
overall  weight  significantly  and  provide  adequate 
wicking  characteristics.  Although  FR  aramid  fabrics 
exhibit  a  higha  resistance  against  abrasion,  FR 
viscose-aramid  blends  are  cheaper  and  sufficiently 
durable*. 


0  100  zoo  300  400  soo 

TIME  (s«4 


Fatiric  1  -  Anmid  (110  g-m’’  Pajama  check) 

Fabric  2  •  Aramid  wNbydrophilic  Goish  (110  gm'^  P^ama  check) 
Fabric  3  -  Aramid-viscoae  (119  gm’^  Pajama  check) 

Figure  2  -  Vertical  wicking  of  water  up  FR  fabrics 


Figure  3  -  Drying  rates  of  water  in  FR  fabrics 
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Tkieads  ooD«istiiig  of  three  ooOoB-oovcred  pcdyeater 
ywBS,  twined  hdkally  were  found  to  wick  weter 
the  highest  and  fsnest^.  Unfortunately,  FR 
protection  demands  the  use  of  aramid  threads,  hence 
a  comptomiae  in  the  widting  perfonnance  of  the 
thread  was  made.  A  4  x  4  cm  thread  grid  of  four 
stitches  per  centimeter  was  used  for  this  material. 
Increasing  the  density  of  the  thread  grid  and  the 
aundier  of  stitches  per  centimeter  increases  liquid 
transport  through  the  foam,  but  reduces  its  breaking 
strength  and  aesdietic  appeal.  Increased  liquid 
transport  causes  more  liquid  to  evaporate  bom  the 
exterior  surface;  at  the  expense  of  the  benefits  of 
ev^wrative  cooling  directly  at  die  skin  surface. 

2.1  J  Water  vapour  permeability 

The  resistance  to  water  vapour  diffusion  was 
measured  for  a  variety  of  microporous  coated  FR 
fabrics  as  a  function  of  position  away  from  the 
skin*.  A  liquid  barrier  that  would  allow  for  the 
rapid  eviration  of  sweat  was  required  to  reduce 
the  in-water  convective  heat  losses  caused  by 
turbulent  water  flushing  through  the  outer  shell 
fabric  and  punched  holes.  The  selected  hydrophilic 
microporous  membrane  had  a  vapour  resistance  of 
Ry  s  28  ±  10  sm*  (equivalent  to  the  diffusion 
across  0.7  mm  of  still  air)  when  direcdy  against  a 
saturated  surface. 

The  FR  fabric  used  as  an  outer  shell  requires  a 
permanent  water-repellent  finish  to  help  prevent  the 
absorption  of  external  sources  of  liquid  No 
signiflcant  differaices  in  water  repellency  were 
observed  betwem  equivalent  weaves  of  aramid  and 
aramid-viscose  fabrics. 

2.1.4  Fira-pratectton  of  materials 

Since  flame  retardancy  was  considered  mandatory 
for  all  the  componmits  of  this  material,  surface 
burning  tests^  were  conducted  on  all  fabrics. 
Thermal  protective  performance  tests*  (TPP)  were 
conducted  on  the  vapour  permeable  ensemble  and 
its  inqiermeable  equivalent  at  the  University  of 
Alberta.  Tests  ejqx)^  fabric  swatches  to  Q  =  83.7 
kW  m'^  until  the  heat  throughput  reached  that  which 
would  cause  a  2**  degree  bum  on  human  tissue. 

Results  indicate  that  the  viqwur  permeable  ensemble 
(8.0’10'*m  thick  foam  +  13-10'*m  fabrics)  provides 
a  TPP  value  of  1.72  *  0.25  MJm*  (41.09  ±  4.97 
calcm'^,  while  the  inqiermeable  (6.4'10'*m  foam  + 
0.7-10'*m  fabrics)  provides  1.93  ±  0.08  MJm* 
(46.12  ±  2.01  calcm'^. 

Since  the  hydrc^ilic  fabrics  used  in  this  prment 
have  the  potentiri  to  absorb  a  considerable  amount 


of  sweat,  it  should  be  noted  that  Miller  et  al*  found 
that  moisture  in  faluics  cm  retard  ignition,  heace 
offering  some  added  Are  protection.  On  tlw  other 
hand,  when  die  user  is  caqpoaed  to  high  sources  of 
external  heat,  this  moisture  nuy  frxm  steam  inside 
the  cloteing  cauaiag  tissue  damage.  These  m  teats 
were  conducted  on  fabric  swatches  which  were 
conditioned  at  T.  s  21.0  C  md  RH  «  65%.  Further 
experiments  would  be  required  to  fully  understand 
die  role  of  clothing  humidity  on  this  material’s  fire 
protection. 

1.1S  Heat  Lam 

A  sweating  hot  plate  housed  in  an  environmental 
chamber  was  used  to  determine  the  heat  loss  through 
the  permeable  ensemble  in  a  warm  environmeat  (T, 
=  29.0  ±  0.1  C,  T,  =  35.0  ±  0.1  C,  RH  =  50  *  1  %). 
These  experiments  measured  the  heat  loss  during: 


-  0.5  hr  prior  to  the  onset  of  sweating. 

-  0.5  hr  of  profuse  sweating  @  360  gin'^-far‘. 

-  post-sweating  (until  garment  was  dry). 


Heat  loss  profiles  of  the  vapour  permeable  ensemble 
(8.0'10'*m  thick  permeable  foam  -t-  1.3-10'*m  of 
fabric)  md  its  impermeable  equivalent  (6.4T0**m 
thick  impermeable  foam  +  0.710'’m  of  fabric)  are 
shown  in  Figure  4. 


TMEOh) 


Figure  4  -  Heat  loss  through  both  materials  in  a 
warm  environment 


These  experiments  show  that  the  dry  heat  losses  for 
both  materials  remained  the  same  (Q  23  W-m'^ 


wkie  peak  kMt  kMMi  daiiag  fweatug  iacnned  by 
37  W-n'’  (-f  168%),  fix  th«  poneablc  eawaWc  over 
ili  iiB|MiiBeable  ei|BivaleBL  Thii  npraacMi  a 
Aannal  iwrirtaarr  befixe  awentiag  of  S,  «  0.2S2 
n^-K'W^  (1.63  clo).  Uamg  tke  hot  |riate  is 
nnnjuTtinii  with  1  waiCT  oolaiin,  the  thermal 
iMiilatkm  was  mcaaured  as  a  fimclioB  of  xill  water 
depth  (TaUe  1). 


Dtptk 

Thtrmai  JfasBSanca 

(m) 

(n^KW*) 

icloj 

0.1 

(0.074) 

10.476] 

0.2 

(0.059) 

(0380] 

0.3 

(0.044) 

[0381] 

0.4 

(oms) 

[0329] 

0.5 

(0.029) 

[0.186] 

Table  1  -  Still  water  thermal  insulatkm  of  permeable 
ensemble 


2J  OpdaefatatlM  of  Garment  Deris* 

A  prototype  garmeat  based  on  the  populx  constant 
wear  Mustang  Aviation  Coverall  (MAC)  was  built 
using  the  permeable  fabric  ensemble.  The  MAC  is 
a  loose  fltting,  *wetsuit-style”  aviahon  oovxall  with 
Vdcro%  strap  closures  at  the  wrists,  ankles  and 
neck.  Leg  pockets  contain  a  hood  and  pair  of 
gloves  made  of  neoprene. 

2J.1  Fall  coverall  dryl*g  capcrlmcats 

Experiments  were  conducted  on  three  test  subjects 
to  compare  the  drying  rates  and  perceived  comfort 
of  a  MAC  made  with  permeable  foam  against  a 
MAC  with  impermeable  foam.  This  experiment 
consisted  of  pre-soaking  the  subject’s  underclothing 
(flight  suit)  with  water  then  allowing  him  to  dry 
while  sitting  at  rest  (m^jo  =  0.769  ±  0.076  kg;  t  =  1 
hr,  T.  -  20.1  ±  1.8  C;  RH  =  51  ±  2%).  The  mass 
of  water  remaining  in  the  underclothing,  transferred 
to  the  MAC  and  lost  through  evaporation  was 
measured  at  IS  minute  intervals. 

Trials  wifli  subjects  wearing  a  permeable  version  of 
die  MAC,  show  that  71.0  ±  6.0  %  of  die  watx 
initially  introduced  to  the  underclothing  was 
ronoved  after  1  hr  of  drying  (Figure  S). 

In  the  inqiermeable  MAC,  only  45.7  ±  23  %  of  the 
initial  water  was  removed  after  1  hr  of  drying 
(IHgure6).  All  subjects  pxceived  increased  coinfoTt 
in  the  permeable  coverall  due  to  die  enhanced 
removal  of  liquid  sweat  firom  the  underclothing. 


TIMEPw) 
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Figure  5  -  Distribution  of  water  in  permeable  MAC 


Bunoergarments  □impbumeablemac 
□lost 


Figure  6  -  Distribution  of  water  in  impermeable 
MAC 


2J3  Fire  Protoctio*  of  CovemU 

Thomal  mannikin  tests  of  the  inqiermeable  MAC 
were  conducted  by  the  University  of  Albxta’s 
Textile  Analysis  Service,  on  their  Fire  Protection 
Evaluation  System.  These  tests  exposed  the  garment 
to  a  firrirall  of  Q  =  79.5  kJin'*s'‘  for  t  =  4  s. 

The  nude  mannikin  received  2^  and  3"*  degree  bums 
to  85.60%  of  its  body  surface  area;  6.45%  and 
79.15%,  respectively  (Figure  7). 
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body  surface  wea  received  2*^  and  3"*  degree  bums; 
0.65%  aad  7.0%,  respectivdy.  These  bums  occurred 
predomiiutely  ia  the  head  aad  aeck  regioas  where  ao 
proCectioo  was  eiqpected  (Figure  9). 


Figure  7  •  Bums  to  aude  mainnikiii  (Lifroat;  R:back) 

For  compariaoa,  a  typical  aramid  flight  suit  allowed 
2*^  aad  3*^  degree  buras  to  64.15%  of  the  body 
surface  area;  56.50%  aad  7.65%  respectively  (Figure 
8). 


#  2nd  Deg  Burn 

•  3rd  Deg  Burn 


Figure  9  •  Bums  through  an  impermeable  MAC 

Full  mannikin  flame  exposure  tests  were  not 
conducted  on  the  vapour  permeable  MAC,  since  both 
materials  had  similar  TPP  values,  it  was  assumed  die 
results  flom  the  mannikin  would  also  be  similar. 

2:13  Ia>watcr  thenaal  iasalatioa  of  coverall 

The  thomal  insulation**’  in  turbulent  water  of  both 
coveralls  were  measured  on  a  heated  maimikin  by  the 
Cord  Group.  Tests  of  three  variations  to  the 
permeable  MACs  were  conducted;  the  permeable 
ensemble  widiout  a  mkroporous  liquid  barrier,  with 
die  barrier  and  finally,  witt  the  addition  of  leg  strqis 
and  b^ter  wrist  closures.  The  thermal  resistances  of 
each  individual  garment  section  are  compared  in 
Table  2. 


Rgure  8  -  Bums  through  a  flight  suit 


The  inqienneaUe  MAC  offered  substantial 
protectkn  against  skin  bums.  Only  7.65%  of  die 


The  average  diermal  resistances  (in  turbulent  water) 
of  each  variation  of  permeable  MAC  (T„  s  16.2  ± 
02  C,  avg.  wave  height  =  0.305  m,  23  sec  apart) 
were  found  to  be  R,  =  0.0211,  0.0229  and  0.0242 
m*KW^*  (0.1363,  0.1477  and  0.1555  do) 
rsspectively,  compared  with  0.0405  m^K-W**  (03606 
do)  for  the  impermeable  suit 
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a»4t  S^eHom  ftrmmth  MAC  (eh)  Imp.  MAC 


(m 

(msA  (with 

(eh) 

barrier)  barrier)  strape) 

R.  Aral 

0J)628 

0.1402*  0.1236 

0.2597 

L.  Ana 

0ir796 

0.1833*  0.1204 

0.1429 

R.  Leg 

0.1321 

0.1492  0.1855* 

0.4111 

L.Leg 

0.1767*0.1448  0.1729 

03460 

Abdomen 

0.1041 

0.1834*  0.1372 

03767 

BaOocka 

0.2467 

0J103  0.5328* 

03846 

Cheat 

0.0829*  0i)S20  0.0612 

0.1279 

Back 

0.1928*0.1809  0.1402 

0.4717 

R.Haad** 

0J891  *  0.0723 

L.Haiid** 

0.4086  a  0.0344 

R.  Foot** 

0.1552  a  0.0323 

L.  Foot** 

0.1872  a  0.0247 

Head** 

0  J734  a  0.0763 

SUIT  AVG:^ 

0.1363 

0.1477  0.1555 

03606 

*  -  dawies  higfmt  iitsubuiom  value  of  permeable  MAC 
**  -  neoprene  gloves,  neoprene  hood  ^  flight  boots 


Table  2  -  Thennal  resistaaces  of  penneable  and 
impenneable  MAC  in  tiubulent  water 


Although  the  nila  supply  leas  than  a  recommended 
maximum  escape  buoyancy"  of  156  N  (35  lbs),  they 
were  not  measured  using  actual  subjecls  hence  the 
additional  buoyancy  supplied  by  trapped  air  is  not 
included. 

It  was  noted  that  the  impenneable  suit  takes  more 
time  to  vent  its  trapped  air  than  the  permeable  suit 
Upon  removing  the  suits  from  the  water,  the 
permeable  suit  takes  longer  to  drain  walm  than  the 
inqwnneabie  snh.  This  is  due  to  the  increased 
abmiption  of  water  in  the  fabric  layers  and  trapping 
of  water  in  die  holes. 

2J  Allenative  appttcntioaa  far  pcmMsble 


This  material  makes  a  good  replacement  for  fleece 
and  fibrous  batting  insulating  garments  worn  by 
aviators  underneath  constant  wear  vapour  permeable 
dry  suits.  Since  PVC  foam  is  not  as  succcptible  to 
hydrostatic  conqiression  as  are  battings,  less 
uncompressed  thickness  of  permeable  foam  is 
requir^  to  achieve  the  same  in-water  insulation  as 
batting  (Figure  10). 


# 


This  loss  (rf  average  suit  insulation  (-47.7,  -43.3  and 
-40.2  %)  is  due  to  the  introduction  of  holes  in  the 
foam  as  well  as  an  increase  in  the  amount  of  water 
flushing  through  the  garment’s  chest  region  and 
neck  closure.  The  increased  flexibility  of  the 
punched  foam  allows  greater  "pumping”  action 
widiin  the  suit  when  in  turbulent  water.  The 
mkrt^rous  barrier  enhanced  the  overall  thermal 
resistance  of  the  suit,  but  seems  to  have  decreased 
the  insulation  of  the  cheat  and  abdomen  regions. 
The  addition  of  straps  at  the  lep  increased  die 
insulation  on  the  l^s.  It  is  possible  that  the 
reduction  of  flushing  in  the  legs  decreased  the 
exchange  of  warm  water  from  the  legs  through  to 
thediesL  Tightening  the  legs  straps  also  decreased 
the  trapped  airspace  idiove  the  chest 

2J,4  Banyancy 

Since  this  coverall  is  designed  primarily  for  use  by 
helicopter  crews,  its  buoyancy  was  measured  to 
ensure  it  would  not  hinder  egress  from  a  submerged 
helkopler. 

The  total  buoyancy  supplied  by  the  permeable  and 
impenneable  hlAC  were  «  73.9  N  (16.6  lbs)  and 
91.6  N  (20.7  IbsX  icapecdvciy.  This  loss  of  suit 
buoyancy,  (-19.8%)  is  due  to  punctures  and 
mmpression  caused  from  sewing  through  Ae  foam, 
as  as  Ae  increaaed  weight  of  the  coverall  (Z55 
->  3  J8  k^  due  to  the  adifrtiottal  layers  of  fabric. 


w 


#  WAIER  DEPTH  (m) 

Figure  10  -  Thickness  of  fleece  and  permeable  foam 
vs  submerged  depA 


To  adiieve  a  Aennal  resistance  of  R,  s  0.124 
m^-K'W^*  (0.8  do)  from  boA  materials  under  0.5  m 
of  water,  5.0  mm  of  permeable  foam  and  9.2  mm  of 
fleece  were  required  undemeaA  a  vqiour  permeable 
FR  shell. 

When  Aese  insulations  are  uncompressed,  Ae  batting 
is  Akko'  than  Ae  foam.  As  expected,  sweating  hot 
plate  experiments  in  a  warm  environment  show  that 
vapour  permeable  foam  allows  for  greater  dry  heat 
losses  tto  fleece  (T,  =  29.0  ±  0.1  Q  RH  =  30.0  ± 
1.0%;  sweat  rate  s  360  gm'^-hr‘). 


A  • 


•  • 
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Typically,  a  baltiag  iMa  a  lower  rcatWaace  to  watn 
vafKHir  difAiakm  tkaa  the  permeable  foam,  hoice  its 
higher  heat  loaaea  duriag  sweatiBg  aad  shorter  post¬ 
sweat  diyiag  time.  This  diyiag  time  is  indicated  by 
heat  loaa  retuiBuig  to  its  origiiial  pre-sweat  value 
(Figure  11). 


Figure  11  -  Heat  loss  through  diy  suit  in  warm 
environment 


Tests  simulating  0.S  hr  of  water  leakage  into  the 
insulation  underneath  a  submerged  Nomex-Gore- 
tex<h  dry  suit  shdl  (T,  >  21.0  ±  0.5  Q  leak  rate 
360  g-m'^hr'*;  d  s  0.S  m),  found  permeable  foam 
retains  a  greater  amount  of  its  thermal  insulation. 
The  partial  vapour  barrier  formed  by  the  foam 
reduces  the  evaporative  heat  losses  through  the 
permeable  foam  in  comparison  with  the  fleece. 
However,  upon  stoppage  of  the  leak,  fleece  was 
found  to  dry  faster  than  the  foam  (Figure  12). 


Ooaed-cell  foaau  poaseas  inherent  buoyancy  which 
is  not  lost  in  the  event  of  leakage  into  the  dry  suiL 
The  shock  absorbing  capabilities  of  doaed-cell  foam 
may  also  offer  a  d^ee  of  protection  against  injuries 
due  to  strikmg  Uuat  objects. 

M  CCTiCLUSlONS 

This  permeable  matoial  offers  greater  heat  losses 
during  and  after  sweating  than  its  impermeable 
equivalent  The  comfort  of  a  constant  wear  aviatkm 
coverall  was  inqMoved  due  to  eahrmced  liquid 
management  and  additional  flexibility.  This  material 
provides  ample  buoyancy  and  moderate  hypothermia 
protection  during  cold  water  immersion,  and  exhibits 
excellent  FR  protection. 

Enchancing  the  thermal  protection  offered  from  a 
^vetsuit-  style*  garment  using  this  material  may  be 
achieved  by  improving  the  integrity  of  the  doaures. 

Further  studies  are  required  to  determine  the  benefits 
of  replacing  current  insulating  battings  underneath 
vapour  petmedrle  dry  suits  with  this  material. 
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Figure  12  -  Leakage  of  water  into  a  dry  suit 
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In  1976  W.  L.  Gore  &  Associates.  Inc.  in¬ 
vented  GORE-TEX*  fabric  utilizing  expanded 
polyietra-fluOToethylene  (ePTFE).  This  was 
the  first  truly  waterproof  and  moisture  vapor 
permeable  fabric  laminate.  In  1980  the  com¬ 
pany  began  to  develop  products  for  military 
applications.  Since  that  time,  Gore  has  sup¬ 
plied  GORE-TEX  fabric  for.  and  assisted  in 
the  development  of,  some  of  the  military’s 
most  technically  sophisticated  apparel;  the  V. 
S.  Army’s  Extended  Cold  Weather  Qothing 
System  (ECWCS).  the  U.  S.  Navy’s  Over 
Water  Flight  Suit  (OWFS),  and  the  U.  S.  Air 
Force’s  Security  Police  Jacket  being  but  a  few 
exa.uples.  All  of  these  garments  provide  the 
user  with  increased  levels  of  protection  from 
harsh  environments  and  have  proved  them¬ 
selves  to  be  very  durable.  GORE-TEX  fabric 
laminate  has  consistently  proven  itself  to  be 
technically  superior  to  any  other  material. 

This  paper  details  the  development  by  Gore  of 
a  new  chemical  warfare  protective  material 
based  on  proven  ePTFE  technology  combined 
with  a  new  highly  activated  polymer  system 
(APS). 


Since  World  War  I  the  number  of  Chemical 
and  Biological  (C/B)  agents  that  may  be  used 
on  the  battlefield  has  increased  dramatically. 
As  the  number  and  types  of  agents  has  in¬ 
creased  (U.  S.  Army  FM  3-5  list  twenty-nine 
different  agents),  the  job  of  the  clothing  and 


equipment  designers  has  become  ever  more 
complicated.  State  of  the  an  C/B  protective 
clothing  has  been  designed  to  counter  vapor 
threats  with  some  degreeof  success.  But,  there 
is  disagreement  on  how  well  these  items  will 
protect  an  individual  from  agents  in  liquid  and 
aerosol  form,  in  addition  to  the  other  cootanu- 
nates  that  can  be  encountered  on  the  battle¬ 
field. 

The  military  publications  used  to  train  opera¬ 
tional  foroes  address  the  issue  of  QB  gear 
limitations,  but  only  in  a  relatively  broad  seme. 
Consider  the  following  from  FM  3-5: 

“Although  MOPP  gear  will  provide  protection 
from  most  chemical  and  biological  agent  at¬ 
tacks.  several  limitations  will  begin  to  reduce 
its  effectiveness.  Some  concentrations  of  con¬ 
tamination  may  eventually  overcome  the  gear’s 
protective  qualities.  Agents  can  gradually 
penetrate  the  mask  hood.  The  charcoal  in  the 
mask  filters  and  the  overgarments  eventually 
may  become  saturated.  Water,  fuel,  grease, 
or  oil  could  defeat  the  protection  qualities  of 
the  MOPP  gear.'" 

This  quote  is  interesting,  for  what  it  does  not 
tell  the  individual  is  that  the  only  thing  protect¬ 
ing  his  clothing  from  the  “water,  fuel,  grease, 
or  oil”  is  a  water-repellent  fabric  finish.  Even 
the  best  of  these  finishes,  which  rely  on  lower¬ 
ing  the  surface  energy  of  the  fabric,  have  very 
limited  durability  when  compared  to  liquid 
impermeable/vapor  permeable  (LI/VP)  fabric 
laminates.  In  addition,  this  type  of  finish  can 
be  wetted  if  foreign  particles  are  present,  and 
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it  is  highly  susceptible  to  penetration  from 
pressure  (a  person  sitting  on  a  contaminated 
surface  can  defeat  the  finish)  or  saturation  (a 
person  assuming  a  prone  position  in  a  puddle 
of  water  or  mud  will  overwhelm  the  finish). 
All  of  these  situations  would  be  common  in  a 
combat  or  work  environment.  In  contrast,  a 
properly  designed  LI/VP  fabric  laminate  does 
not  rely  on  the  fateic  finish  to  provide  liquid 
protection,  but  rather  relies  on  a  semiperme- 
able  membrane  to  achieve  this  characteristic. 

GARMENT  DESIGN  LIMITATIONS 
IMfQSEB  BY  CQBLYEMTIQNAL 
IE.CHNQLQGY 

The  challenge  faced  by  the  developers  of  pro¬ 
tective  clothing  is  to  design  a  functional  uni¬ 
form  that  will  provide  absolutely  reliable  pro¬ 
tection  without  imposing  an  unacceptable  level 
of  heat  stress.  This  has  posed  a  significant 
problem  since  combining  these  two  qualities 
in  one  layer  has  proven  very  difficult.  Gener¬ 
ally,  the  approach  has  been  to  use  either  rela¬ 
tively  thick  carbon  loaded  materials,  such  as 
the  carbon  impregnated  foam  used  in  the  U.  S. 
OG84,  or  to  use  thin  material  in  conjunction 
with  other  layers  of  clothing  to  achieve  an 
acceptable  level  of  aerosol  and  liquid  agent 
protection.  The  Aircrew  Uniform  Integrated 
Banlefield  (AUIB)  employs  the  latter  tech¬ 
nique  by  using  a  GORE-TEX  fabric  outer 
material  and  an  attached  carbon  loaded  lining. 
Both  of  these  approaches  suffer  from  the  same 
limitation;  as  the  protective  material  becomes 
thicker,  or  as  more  layers  are  added,  the  insu¬ 
lation  value  of  the  uniform  and  its  resistance  to 
evaporative  heat  loss  is  increased,  thus,  im¬ 
posing  additional  heat  stress  on  the  user. 

An  alternative  approach  is  to  design  the  pro¬ 
tective  clothing  system  in  two  independent 
garments  with  vapor  protection  in  an  adsorp¬ 
tive  layer  and  liquid/aerosol  agent  protection 
in  a  separate  LWP  layer.  In  such  a  system  the 
vapor  agent  protective  layer  is  always  worn, 
providing  protection  from  the  majority  of  the 
threat  while  imposing  minimal  heat  stress. 
The  liquid/aerosol  protection  layer  is  worn 
only  when  there  is  a  liquid/aerosol  agent  threat, 
or  to  provide  protection  from  climatic  ex¬ 
tremes.  The  virtue  of  this  approach  is  that  the 


person  (Msly  wears  the  full  system  when  the 
threat  is  the  highest,  thus  limiting  the  time  he 
is  exposed  to  the  iraaimum  potential  heat 
stress.  A  system  such  as  this  could  work  well 
in  conjunction  with  the  U.  S.  military’s  Ex¬ 
tended  Cold  Weather  Clothing  System 
(ECWCS)  if  the  adsorptive  layer  is  designed  to 
function  as  an  integral  component  of  the  cold 
weather  clothing.  Unfonuiutely,  this  “lay¬ 
ered  protection”  approach  has  not  met  with 
general  acceptance  in  the  user  community 
where  the  focus  has  remained  on  obtaining 
systems  with  all  of  the  protection  built  into  one 
layer.  It  is.  however,  a  viable  option  in  situa¬ 
tions  where  the  threat  of  exposure  to  liquid 
and/or  wind  driven  agents  is  low. 

It  is  recognized  that  increasing  the  level  of 
protection  entails  a  corresponding  decrease  in 
the  ability  the  individual  to  perform  his 
mission.^  In  the  U.  S.  military  the  Mission 
Oriented  Protective  Posture  (MOPP)  is  used  to 
provide  the  operational  commander  with  a 
flexible  response  to  a  C/B  threat.  However, 
once  forced  to  assunoe  the  highest  MOPP  level 
the  degradation  in  performance  is  significant 
even  under  the  best  circumstances. 

Since  1984  W.  L.  Gore  &  Associates.  Inc.  has 
explored  the  use  of  conventional  GORE-TEX 
fabric  for  use  in  chemical/biological  (CTB) 
warfare  applications,  resulting  in  several  new 
uniform  concepts,  such  as  the  U.  S.  Army’s 
AUIB.  mentioned  above.  In  1990  Core 
launched  a  project  to  develop  an  industrial  and 
military  protective  material  that  would  allevi¬ 
ate  many  of  the  problems  associated  with 
traditional  protective  apparel  concepts.  The 
objective  of  the  project  was  to  invent  a  mate¬ 
rial  that  could  be  inemporated  into  the  normal 
clothing  and  equipment  items  used  by  the 
individual  and  have  minimum  adverse  impact 
on  job  or  mission  performance  when  qierating 
at  the  highest  protection  level  To  accomplish 
this  the  material  had  to  come  as  close  as 
possible  to  the  physiological  performance  of 
the  material  that  the  person  normally  wears 
while  providing  absolutely  reliable  chemical 
and  biological  agent  protection.  As  a  result  of 
this  research,  new  laminates  have  been  devel- 
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oped  that  offer  the  CTB  clothing  and  equip¬ 
ment  developer  signiricantly  more  latitu^  in 
designing  new  items. 

PHYSKMLQCICAL  PEBFOBMANCE 

QPCHEMFAK"*  LAMINATE  GAR¬ 
MENTS 

Garments  constnicied  of  W.  L.  Gore  &.  Asso¬ 
ciates,  Inc.  new  OiemPak™  laminate  and 
ChemPak^  LT  laminate  provide  an  extratv¬ 
dinary  degree  of  chemical  and  biological  war¬ 
fare  agent  protection  while  reducing  the  physi¬ 
ological  burden  noimally  associated  with  pro¬ 
tective  apparel.  ChemPak''**  products  achieve 
this  perfotmance  by  combining  the  properties 
of  several  unique  materials:  ePTFE,  carbon 
adsorbent,  and  a  highly  activated  polymer 
system  (see  Fig.  la  and  lb).  The  combination 
of  these  products  results  in  a  material  laminate 
that  is  effective  against  known  classes  of  chemi¬ 
cal  warfare  agents  while  being  much  less  de¬ 
pendent  on  carbon  adsorptive  technologies 
than  traditional  approaches. 

The  use  of  LI/VP  materials  may  also  offer 
increased  capabilities  when  operating  in  an 
area  of  biological  contamination.  The  nature 
of  the  material  may  make  it  much  easier  to 
decontaminate  a  uniform  by  using  wash  down 
techniques  such  as  showers  after  exposure  to 
biological  agents. 


The  devek^xnent  of  the  activated  poiymer 
system  by  a  Gore  sdeace  and  engineefing 
team  has  provided  us  with  the  capability  to 
significantiy  alter  the  way  that  the  U.  S.  ser¬ 
viceman  dteaaes  for  combat  Due  to  this 
polymer's  unmatched  characteristics,  an  ex¬ 
ceptionally  high  mmsture  vapor  permeation 
rate  coupled  with  unequakd  resistance  to  pen¬ 
etration  by  chemical  warfare  agents.  Gore  has 
bccnable  to  siimiltaiieousiy  increase  chenti- 
cal  protection  while  redudng  physiological 
stress  on  the  individual. 

Gore  has  developed  two  variatioos  of  its  C/B 
protective  material.  C^hemPak™  laminatecom- 
bines  ePTFE,  activated  carbon,  and  the  poly¬ 
mer  composite,  structure.  OtemPak™  LT 
laminate  consists  of  only  ePTFE  and  the  APS. 
Due  to  their  unique  characteristics,  CStemPak™ 
laminate  and  ChemPak™  LT  laminawae  have 
the  potential  to  alleviate  many  of  the  problems 
posed  by  the  current  generation  of  C/B  en¬ 
sembles.  Traditional  approaches  have  relied 
on  air  permeability  to  alleviate  heat  stress  but 
the  prospect  of  such  systems  becomes  limited 
since  thickness  or  layers  have  to  be  increased 
to  maintain  CVB  protection.  Figure  2  illus¬ 
trates  some  of  the  possible  protective  clothing 
configurations. 


Fig.  la 
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CONSTRUCTION  OF  CHEMPAK™  LT  LAMINATE 
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OVERGARMENT  SYSTEM 
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CHEMPAK™  LAMINATE 
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Foul  Weather 
Gear 


Standard  Underwear  ChemPak™  FUghl/Aircrew 

Uniform 


It  has  been  assumed  that  the  use  of  air  imper¬ 
meable  materials,  such  as  the  ChemPak^ 
laminates,  would  not  offer  an  improvement 
over  the  current  situation.  However,  this  as¬ 
sumption  was  predicated  on  the  use  of  the  LI/ 
VP  fabric  in  multiple  layers  or  in  a  single  layer 
having  a  very  high  resistance  to  evaporative 
heat  loss.  Recent  human  subject  testing  has 
indicated  that  a  protective  unifmm  constructed 
of  ChemPak™  laminate,  with  its  exception¬ 
ally  low  resistance  to  evaporative  heat  loss, 
and  employed  as  a  primary  use  garment,  can 
offer  reduced  heat  stress  while  increasing  C/B 
protection. 


Physiological  studies  were  conducted  at  Penn¬ 
sylvania  State  University  on  four  chemical 
protective  ensembles  in  an  attempt  to  deter¬ 
mine  the  maximum  environmental  conditions 
(ambient  temperature  and  humidity)  in  which 
a  person  can  maintain  a  fairly  constant  body 
core  temperature  while  wearing  these  gar¬ 
ments,  the  M-40  respirator,  and  protective 
butyl  rubber  gloves.^  The  test  methodology 
uses  volunteer  subjects  walking  continuously 
on  motor-driven  treadmiUs  in  a  computer- 
controlled  environmental  chamber  fOT  up  to 
2.5  hours.  The  work  intensity  was  targeted  at 


•  • 


•  • 
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an  energy  expenditure  of  S  kcai/min.  or  ap¬ 
proximately  30%  of  each  subject’s  maximal 
aerobic  capacity  (VQ>_„1.  This  study  dem¬ 
onstrated  that  a  ChemPak™  laminate  cloth¬ 
ing  ensemble  compares  very  favorably  with 
sttte-of- the-ait  air  permeable  garments  and  is 
clearly  superior  to  many  technologies  cur¬ 
rently  in  use. 

Fig.  3  illustrates  the  results  of  the  physiologi¬ 
cal  evaluation.  The  increase  in  performance 
of  the  ChemPak™  laminate  garment  relative 
to  the  standard  U.  S.  BDO  is  indicated  by  the 
enlargement  of  the  shaded  area.  ChemPak™ 
LT  laminate  has  demonstrated  lab  test  perfor¬ 
mance  equal  to  ChemPak™  laminate  in  its 
ability  to  resist  penetration  by  chemical  war¬ 
fare  agents  while  exhibiting  a  reduced  resis¬ 
tance  to  the  transmission  of  moisture  vapor. 


Physiological  testing  of  ChemPak^  LT  luni- 
nate  garments  is  planned  for  the  near  future. 

These  values  should  not  be  interjxeted  as  ab¬ 
solute  limits,  and  in  fact  pushing  the  environ¬ 
mental  conditions  to  the  extremes,  increasing 
the  work  rate,  or  placing  an  additional  load  on 
the  subjects  in  the  form  of  other  combat  equip¬ 
ment,  will  further  compromise  all  the  sys¬ 
tems. 

If  one  accepts  that  jm^terly  designed  and  con¬ 
figured  ChemPak™  laminate  garments  may 
be  equal  to  air  permeable  garments  in  the 
critical  area  of  heat  stress,  the  next  question  is 
how  QiemPak™  laminate  garments  perform 
in  protecting  the  individual  from  chemical 
agents. 


Fig.  3c 
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Gctfc  began  its  C/B  material  development  ef¬ 
forts  using  ePTFE  and  spherical  carbon 
adsorbers  in  what  was  termed  "Monopack 
Laminate"  that  did  not  contain  the  activated 
polymer.  After  the  discovery  of  the  activated 
polymer  composite  structure,  which  was  de¬ 
signed  APS,  we  continued  to  use  carbon  in 
combination  with  the  polymer  and  ePTFE  in 
the  ChentPak™  laminate  but  eventually  deter¬ 
mined  that  the  APS  alone  might  provide  ad¬ 
equate  protection  in  some  end  uses.  This  lead 
to  the  development  of  ChemPak’''*  LT  lami¬ 


nate.  Fig.  4  provides  an  overview  of  chemical 
agent  testing  on  the  early  NBC  larainaies. 

During  the  development  of  the  ChemPak™ 
laminates.  Gore  ideniified  several  material 
tests  that  would  provide  a  high  level  of  confi¬ 
dence  in  the  material's  ability  to  perform  satis¬ 
factorily  under  operational  conditions.  The 
focus  of  these  tests  was  on  product  perfor¬ 
mance  attributes  such  as  chemical  agent  pro¬ 
tection  after  laundering,  after  flexing  at  high 
and  low  temperatures,  after  exposure  to  hu¬ 
man  sweat,  after  exposure  to  battlefield  con¬ 
taminates  such  as  POL's  and  after  physical 
damage  to  the  material.  Fig.  Sa  and  Sb  show 
test  results  of  test  perframed  on  ChemPak™ 
laminate. 


CHEMICAL  AGENT  PERFORMANCE 
OF  EARLY  NBC  LAMINATES 


CUMULATIVE 
PENETRATION 
microgms/sq  cm 


FABRIC 

LAMINATE 

CHALLENGE 

AGENT 

TEST 

(over  24  hours) 

TEST  DATE 

US  101 

Monopack  Laminate 

NEW 

HD 

LAC/VP 

26.17 

29-Jan-92 

US  101 

Monopack  Laminate 

NEW 

tGD 

LAC/VP 

6.S88 

29-Jan-92 

US  101 

NBC  Membrane  *1 

NEW 

HD 

LAC/VP 

129.77 

3.Mar-92 

US  101 

ChemPak'^  Laminate 

NEW 

HD 

LAC/VP 

0.09 

lO'Mar-92 

-ig.Sa 

CHEMICAL  AGENT  PERFORMANCE 

OF  CHEMPAK™  LAMINATE  AFTER  LAB  TESTING 

CUMULATIVE 

PENETRATION 

AFTER 

micFOgms/sq  cm 

-ABRIC 

LAMINATE 

CHALLENGE 

AGENT 

TEST 

(over  24  hours) 

TEST  DATE 

JS  101 

ChemPak'^  Laminate 

FLEXED  80K  CY  (70F) 

HD 

LACA'P 

0.00 

28-Atig-92 

JS  101 

ChemPak™  Laminate 

FLEXED  40K  CY  (-25F) 

HD 

LAC/VP 

0.00 

28-Aiig-92 

JS  101 

ChemPak™  Laminate 

FLEX  1.5KCY(20%  r.H.) 

HD 

LAC/VP 

0.00 

19-Mar-92 

JS  101 

ChemPak™  Laminate 

F34  JET  FUEL 

H 

LAID  DROP 

0.00 

31 -Aug-92 

JS  lOI 

ChemPak™  Laminate 

Diesel  Oil 

H 

LAID  DROP 

0.59 

3l-Aug-92 

CHEMICAL  AGENT  PERFORMANCE  OFCHEMPAK™  LAMINATE 
AFTER  ACTUAL  USE  AND  LAUNDERING 


CUMULATIVE 

PENETRATION 


ABRIC 

LAMINATE 

AFTER 

CHALLENGE 

AGENT 

TEST 

microgms/sq  cm 
(over  24  hours) 

TEST  DATE 

JS  101 

ChemPak™  Laminate 

20  HOURS  OF  WEAR 

HD 

LAC/VP 

0.00 

25-Jun-92 

JS  101 

ChemPak™  Laminate 

20HRS  WEAR  +  5  MOBILE 

HD 

LAC7VP 

0.00 

25-Jun-92 

JS  101 

ChemPak™  Laminate 

20HRS  +  1  HOME  LAUND 

HD 

LAC/VP 

0.00 

25-Jun-92 

JS  101 

ChemPak™  Laminate 

5  ISO  WASH  CYLES 

H 

LAID  DROP 

2.56 

31-Atig-92 
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Recent  testing  of  ChemPak"*  LT  laminate 
indicates  that  the  APS  and  ePTFE  used  with¬ 
out  carbon  adsorbers  may  t^er  excellent  pro¬ 
tection  in  some  applications.  The  data  pre¬ 
sented  in  Fig.  6  indicates  that  the  protection 
afforded  by  ChemPak™  LT  laminate  when 
new  is  superior  to  that  offered  by  many  mate¬ 
rials  using  carbon.  Since  no  adsorbers  are  used 
in  this  configuration.  Gore  was  concerned 
with  how  the  material  would  perform  after  use 
and  particularly  after  damage.  Fig.  7  illus¬ 
trates  that  damaged  ChemPak™  LT  laminate 


repaired  with  a  patch  made  of  similar  material 
provides  protection  equal  to  that  offered  by  a 
non-damaged  area.  In  addition,  small  pin 
holes  allowed  lev'Js  of  agent  penetration  far 
below  guideline  breakthrough  concentration. 
Gore  has  used  two  independent  test  facilities 
and  several  test  methods  to  assess  the  perfor¬ 
mance  of  ChemPak™  laminates  under  various 
conditions.  Fig.  8  provides  results  of  several 
of  these  evaluations. 


Rg.  6  CHEMICAL  AGENT  PERFORMANCE  OF  CHEMPAK™  LT  LAMINATE 

AFTER  LAB  TESTING 


FABRIC 

LAMINATE 

AFTER 

CHALLENGE 

AGENT 

TEST 

CUMULATIVE 
PENETRATION 
microgms/sq  cm 
(over  24  hours) 

TEST  DATE 

MAP  290 

ChemPak™  LT  Laminate 

NEW 

HD 

LAC/VP 

0.00 

2-Feb-93 

rarfcia 

ChemPak™  LT  Laminate 

Hexed  IK  Cy.@-25F 

HD 

LAC/VP 

0.00 

12-NOV-92 

Taffeta 

ChemPak™  LT  Laminate 

Hexed  lKCy.@-25F 

VX 

LACA'P 

0.00 

30-NOV-92 

MAP  290 

ChemPak™  LT  Laminate 

Syn.  Sweat  (Plate) 

HD 

LAC/VP 

1.35 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

Syn.  Sweat  (Evap) 

HD 

LAC/VP 

2.48 

2-Mar-93 

MAP  290 

ChemPak™  LT  Laminate 

Hexed  80KCy.@72F 

HD 

LAC/VP 

0.00 

2-Fa>.93 

MAP  290 

ChemPak™  LT  Laminate 

Aircraft  Huids 

HD 

LAC/VP 

0.00 

2-Mar-93 

CHEMICAL  AGENT  PERFORMANCE  OF  NBC  LAMINATES 
AFTER  DAMAGE 

CUMULATIVE 

PENETRATION 

AFTER  microgtns^  cm 


-ABRIC 

LAMINATE 

CHALLENGE 

AGENT 

TEST 

(over  24  hours) 

TEST  DATE 

MAP  290 

ChemPak™  LT  Laminate 

With  Pin  Hole 

HD 

LAC/VP 

0.81 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

With  Pin  Hole 

HD 

VAC/VP 

0.00 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

Ripped 

HD 

LAC/VP 

122.34 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

Rip  with  Gore-Tex*  fabric  Patch 

HD 

LAC/VP 

11. 10 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

Rip  with  NBC  Patch 

HD 

LAC/VP 

0.00 

2-Feb-93 

MAP  290 

ChemPak™  LT  Laminate 

.25"  Hole  with  NBC  Patch 

HD 

LAC/VP 

0.00 

2-Fd>-93 

MAP  290 

ChemPak™  LT  Laminate 

.25"  hole  w/  Gore-Tex*  fabric  Patch 

HD 

VAC/VP 

1.23 

2-Feb-93 

JS  101 

ChemPak™  Laminate 

With  Pin  Hole 

HD 

LAC/VP 

0.00 

2-Fel>-93 

JS  101 

ChemPak™  Laminate 

With  Pin  Hole 

HD 

VAC/VP 

0.00 

2-F(*-93 

CHEMICAL  AGENT  PERFORMANCE  OF  GORE™  NBC  LAMINATES 
USING  DIFFERENT  TEST  METHODS 


=ABRIC 

LAMINATE 

AFTER 

CHALLENGE 

AGENT 

TEST 

CUMULATIVE 
PENETRATION 
microgms/sq  cm 
(over  24  hours) 

TEST  DATE 

l)S  101 

ChemPak™  Laminate 

NONE 

H 

Finabel  Vapor 

0.00 

3l-Aug-92 

US  101 

ChemPak™  Laminate 

NONE 

50  MicroL  H 

2kg/sqcm  Pressure 

0.36 

31-Aug-92 

JS  101 

ChemPak™  Laminate 

NONE 

GD 

2kg/sqcm  Pressure 

0.00 

31-Aug-92 

JS  101 

ChemPak™  Laminate 

NONE 

4  microl  iH 

Falling  Drop  7m 

0.45 

31 -Aug-92 

MONE 

NBC  Membrane  #3 

r  Sample  Tested  5x 

HD 

LAC/VP 

0.00 

6-Jan-93 

In  addition  to  the  laboratory  testing  shown 
above.  Gore  has  recently  concluded  a  field 
durability  test  of  the  two  ChemPak™  lami¬ 
nates.  The  test  was  designed  as  a  "worst  case" 
trial  of  the  materials,  exposing  the  protective 
characteristics  of  the  laminates  to  direct  daily 
wear  and  tear.  Data  from  this  test  is  currently 
being  analyzed,  but  initial  impressions  are  that 
durability  of  the  chemical  protection  afforded 
by  the  materials  under  hard  field  wear  condi¬ 
tions  is  acceptable. 

CONCLUSIONS 

In  stating  the  benefits  of  ChemPak™  laminate 
in  chemical  protective  clothing  and  equip¬ 
ment,  we  must  look  to  the  future,  and  this  ; 
well  beyond  the  recent  conflict  with  Iraq.  It  is 
very  likely  that  C/B  weapons  will  become  the 
weapons  of  choice  for  third  world  countries 
wishing  tochallenge  the  U.  S.  These  weapons 
are  the  underdeveloped  nation ’s  nuclear  weap¬ 
ons,  and  they  will  not  hesitate  to  use  them 
against  our  forces.  The  implications  of  this  are 
that  the  ability  to  operate  effectively  in  a  C/B 
warfare  environment,  will  become  much  more 
critical.  This  type  of  operation  must  become 
the  norm  rather  than  the  exception  for  all  U.  S. 
forces,  and  this  means  routine  operations  con¬ 
ducted  at  an  increased  level  of  MOPP.  But,  as 
discussed  earlier,  the  higher  the  MOPP  level 
the  greater  the  degradation  in  performance. 
The  impact  of  C/B  gear  on  performance  will 
have  to  be  reduced  while  maintaining,  or  even 
increasing,  the  level  of  protection.  This  can  be 
accomplished  by  designing  primary  use  gar¬ 
ments  using  ChemPak™  laminate. 

This  approach  has  a  number  of  benefits  to  the 
operational  commander.  The  individual  will 
always  have  some  level  of  protection  while 
wearing  his  standard  work  uniform;  the  num¬ 
ber  of  layers  the  individual  must  wear  at  the 
highest  MOPP  level  is  reduced,  thus  reducing 
heat  stress;  the  person’s  load  is  reduced  -  he  no 
longer  carries  clothing  just  for  the  C/B  threat, 
his  garments  are  multi-functional;  the  service¬ 
man  is  protected  from  aerosols  and  particu¬ 
lates,  as  well  as  environmental  hazards;  and, 
his  garments  will  remain  functional  undercon- 
ditions  where  the  old  items  would  have  failed. 


i.e.  when  exposed  to  water,  grease,  or  oil. 

The  value  of  ChemPak™  laminate  is  that  it  is 
the  only  material  which  does  not  require  the 
developer  to  utilize  air  permeability  as  the 
primary  mechanism  for  reducing  heat  stress  at 
the  highest  MOPP  level.  In  addition,  these 
garments  do  not  add  to  the  load  the  individual 
must  carry  since  they  can  be  designed  as  a 
primary  use  garment.  Ll/VP  material  in  the 
form  of  the  GORE-TEX  fabric  Extended  Cold 
Weather  Clothing  System  (ECWCS)  has  a 
proven  record  of  military  performance  over 
the  last  ten  years.  By  combining  inovative 
technology  with  proven  ePTFE  performance. 
Gore  has  invented  a  material  with  exception¬ 
ally  high  value  for  military  users: 

•  Provides  complete  protection  against  both 
liquid  and  vapor  chemir  1  threats  includ¬ 
ing  wind  driven  vapor  and  liquid  under 
pressure. 

•  Materials  cannot  be  compromised  by 
POL's,  water,  and  other  liquids. 

•  Provides  an  excellent  barrier  against  aero¬ 
sols,  fine  particulates,  and  contaminated 
sand. 

•  Material  can  be  seam  sealed  to  provide 
comparable  performance  of  the  seams. 

•  All  of  the  above  can  be  achieved  without 
increasing  physiological  load. 

ChemP^™  laminate  garments  arc  currently 
being  evaluated  by  the  U.  S.  Army,  U.  S. 
Marines.  U.  S.  Air  Force,  and  the  U.  K.  Min¬ 
istry  of  Defense. 
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SUMMARY 

The  putpoie  of  this  research  was  to  evaluate  the  relative 
effectiveneas  of  different  clothing  systems  in  their  contribu¬ 
tion  to  protectiim  against  exposure  to  high  heat  flux  flash 
fires.  All  systems  were  exposed  lo  controlled  siinulated  flssh 
fires  (80  or  84  kWAn^)  on  a  dtennally  insthnncated  manne¬ 
quin.  The  percentage  of  the  mannequin  surface  rearhing  2nd 
and  3rd  degree  bum  criteria  was  recorded.  In  addition,  the 
multqile  layers  of  fabrics  which  were  used  together  in  each  of 
the  garment  systems  were  tested  according  to  a  standard 
thermal  protective  perfarmance  (TPP)  test 

The  protection  provided  by  multiple  liyered  garment  systems 
was  significant^  greater  than  would  be  expected  fiom  the 
additive  effects  of  the  layers  used  singly.  The  outer  l^cr  of  a 
garmem  system  nuist  be  flame-retardant,  however,  wearing  a 
flammable  garment  over  a  flame-retardant  one  clearly 
negates  the  benefits  of  die  FR  l^er.  While  it  cannot  be 
concluded  for  certain  diat  undergarments  must  also  be  flame- 
retardant,  results  demonstrate  that  FR  undogatments  offer 
mote  protection  than  non-FR  ones,  especially  when  worn 
undR  the  relatively  light-weight  fabrics  which  may  be  used 
for  military  flightsuits. 

Only  in  one  experiment  with  garment  systems  comprising  all- 
FR  layers  did  small-scale  TPP  tests  indicate  the  relative 
protection  provided  by  the  systems.  The  TPP  test  did  not 
irxlicate  the  potential  hazard  of  systems  in  which  the  outer 
layer  is  non-FR.  Nor  did  it  differentiate  atnotig  the  diree 
different  flightsuit  fabrics  or  demonstrate  die  relative 
protective  performance  of  different  underwear  materials. 


soil  miiat  foliage  in  the  vicinity  of  the  fire,  etc.  (1).  Coim 
and  Grat  (2)  noted  that  estimaies  of  thermal  hazards  have 
been  made  in  the  literature,  but  few  are  very  definitive.  In  the 
cate  of  fuel  fire  themud  hazards,  a  heat  flux  of  84  kW/m^  (2.0 
caVem^-s)  was  rqxrrted  to  correspond  to  conditions  around  a 
cradled  aircraft  arfaen  fuel  it  burning  fiercely;  other  research¬ 
ers  have  suggested  heal  fluxes  fiom  0.S  to  3.S  cal/cm^-s. 
Knox,  WachteL  A  MoCahsn  (3)  reported  that  a  lP-4  fuel  fire 
(helicopier  fuel)  teaches  maximum  intensity  and  ‘steady  state' 
diemul  dynamics  20  s  after  ignition,  and  to  have  a  reaaonable 
chance  of  survival  the  aviator  must  get  out  of  the  fireball 
within  10  s.  They  staled  that  studie*  have  led  to  a  definilion 
of  the  worst  credible  thermal  environment  at  S3  cal/cm^-s. 


Protection  firran  the  effects  of  fire  exposure  requires  clothing 
that  does  not  meh,  ignite,  shrink,  or  dumtepaie  upon 
expotme,  and  clothing  with  sufficient  msulating  values  that 
for  the  time  of  exposure,  the  amoum  of  heat  transferred 
through  the  cknhing  is  not  sufficient  to  raise  skin  temperature 
to  level*  whkh  ivill  cause  serious  bum  damage  (second  and 
third  degree  bums).  To  meet  the  first  condition,  fibers  which 
are  inherently  flame  resistsm  or  fabric*  which  have  been 
given  a  chemical  treatment  which  makes  them  flame  retardant 
are  used;  dieae  are  often  grouped  together  under  the  term  FR 
fibers  m  fabrics.  The  FR  fibos/fabrics  which  are  commer- 
cirdly  available  for  thermal  protective  clothing  do  not  bum  in 
die  convouional  sense  (they  are  ix>t  ignited  by  holding  a 
match  to  them  in  mrmal  room  conditions);  however,  if  there 
is  sufficient  air  flow  or  if  temperature  or  heat  flux  is  high 
emugh,  most  can  be  nude  to  bum,  and  melting,  shrinking  and 
dbintegraticn  iqxm  etqwsure  are  common  at  higher  expo¬ 
sures. 


1.  INTRODUCTION 

In  many  military  and  UKhislrial  settings,  exposure  to  flash 
fires,  firdialls  or  pool  fires  is  a  potential  hazard.  Ignition  of 
gas  leaks  in  the  oil,  gat.  and  petrochemical  mdustries  and  fire 
associated  widi  aircraft  accidents  result  in  injury  and  loss  of 
life  through  skin  bums. 

Investigations  of  industrial  accidents  suggest  that  workers  can 
be  exposed  to  intense  heat  flux  (SOkW/n?)  for  short  periods 
of  time,  typically  five  seoondt  or  less.  Most  fires  that  air  crew 
will  have  to  ctmiend  widi  are  a  result  of  crashes  which 
invoNe  burning  fuel.  The  task  of  defining  die  direat/hazard 
of  a  posicrash  fire  is  difficult,  pardy  due  to  die  random  nature 
of  die  rnariy  variables  -  wind  speed,  wind  direction,  nature  and 
extent  of  fuel  spread  andfor  qxay,  terrain  topology,  nature  of 


The  insulating  value  of  protective  clothing  is  an  erpially 
unportant  consideration.  The  transfer  of  heal  through  the 
fidiric  liters  n  a  complex  combination  of  the  effects  of 
conduction  and  radiation  heat  transfer,  bi  a  gross  sense, 
fabric  weight  is  one  of  the  roost  inqxaiam  siiigle  variables 
deteriiiiniiig  insulatirm  of  single  layers,  subject  lo  the 
mfluences  of  thickness  aral  porosity,  hicieasing  fabric  weight 
for  a  particular  fiber  has  been  shoam  lo  reduce  the  extent  of 
skin  burning;  however,  some  materials  are  more  effective 
than  odiers,  so  dial  a  general  correlation  of  diis  form  does  not 
hold  (4).  A  layered  clodiing  system  with  air  spaces  should 
give  more  protection  than  a  single  layer.  Adding  layers  of 
protective  fabric  iiEreases  the  insulating  effect  which  reduces 
the  maximum  tonperature  reached  by  die  sldn.  This  also 
reduces  the  insunitaneous  heat  flux  and  total  energy  nans- 
feried  lo  the  skin. 
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Evahiatkn  of  proiactive  doiiuiit  for  ute  m  potemialty 
haurdo^  envinMimaia  ha*  typtcaUy  been  tfanxigh  small 
■cafe  labotaiocy  teau  of  flame  teaistanoe  end  dMniul 
protective  perfomunce  (TPP).  Small  scale  laboratory  testt 
aOenqit  to  simulsie  end-use  condiiions  tod  «e  conducted 
under  the  assumption  that  there  is  a  relaiinnship  between  test 
leaulia  and  service  petfonnence.  Vahiafaie  aformaiion  about 
tbe  fobrics  used  in  protective  clothac  can  be  obtainad  6om 
small  scale  teats;  however,  they  do  not  necessarily  predict 
how  well  garments  or  garment  asaemblies  will  perform  when 
actually  exposed  to  a  fladi  fire. 

Another  method  of  evahiaiii^  protective  garments  is  to 
ejqtose  a  clothed  instrumented  mannequin  to  a  controlled 
flmh  fire  and  to  aasees  tbe  resulting  ptMendal  skin  damage 
using  computer  models.  An  instrumented  mannequin  has 
been  constructed  at  the  Univeisity  of  Alberta  for  testing  the 
thermal  protective  qualities  of  garments  svhen  subjected  to 
short  duration  flash  fires.  Heat  fluxes  from  67  to  84  kWAn^ 
(1.6  to  2  cal/cm^-s)  with  bum  duratians  of  3  io4J  seconds 
have  been  obtained  reliably  with  the  system.  The  University 
of  Alberta’s  thermally  instnimented  mannequin  is  the  ottly 
mannequin  of  its  type  in  Canada  and  one  of  the  few  world¬ 
wide.  Dale  et  al.(4)  found  there  was  good  correlation  of 
maimequin  test  results  with  TPP  lest  results  at  low  heat  fluxes 
and  durations,  but  not  at  higher  values.  Small  scale  tests  are 
useful,  however,  u  the  first  step  in  screening  a  large  number 
of  candidate  materials  before  the  best  ate  selected  for  garmem 
production  and  further  testing. 

The  purpose  of  this  research  was  to  evahiate  die  relative 
effecdvoiess  of  different  cbihing  assemblies  comprising 
layers  of  differing  materials  (both  FR  and  non-FR)  in  their 
coniributian  to  protecdan  againti  high  heat  flux  flash  fires. 

All  garment  sysienu  were  eiqiosed  to  controlled  shnulated 
flash  fires  (80  or  84  kW/m^)  on  a  thermally  instrumcnied 
mannequin,  fai  additicm.  the  multiple  layers  of  fabrics  which 
were  used  together  in  each  of  die  garinem  systems  were  tested 
according  to  standard  TPP  tests. 

2.  MATERIALS  AND  METHODS 

2.1  Garment  Systems 

In  experiment  I,  all-FR  garment  systems  were  conqiared: 
system  1  comprising  two  layers  (S(VS0  aranud/FR  viscose 
underwear  nd  aratnid  coveraDs);  system  2  comprising  two 
layers  (aramid/FR  viscose  underwear,  aratnid  sl^  and  FR 
cotton  pinits);  and  system  3  comprising  diree  layers  (aratnid/ 
FR  viscose  utulerweat.  aratnid  diirt  and  FR  cotton  patus.  and 
aratnid  coveralls).  Two  i^lications  of  each  system  were 
tested. 

fat  experiment  II.  two-layer  systems  were  compared-  system 
4  comprising  FR  onler  (aramid  coveralls)  and  FR  inner 
Uytn  (aramid  shirt  and  FR  cotton  pants);  system  3  compris¬ 
ing  FR  onter  (aramid  coveralls)  and  non-FR  inner  layers 
(cotton  shirt  and  pants);  and  system  6  oonqtrising  non-FR 
outer  (cotton  coverall)  and  FR  Inner  liters  (aramid  shirt  and 
FR  cotton  pants).  Two  rqtlications  of  each  system  were 
tested  All  garments  used  in  experimems  I  and  n  were 


fabricated  by  the  same  manufacturer.  The  same  coverall,  shirt 
and  pants  paitcros  arere  used  for  the  FR  and  non-FR  gar¬ 
ments.  to  dtat  the  fit  on  the  maimequin  was  the  same, 
regardkss  of  the  garment's  fiber  content.  The  guments  used 
in  experiments  I  and  D  are  commonly  ivom  by  workers  in  the 
oiL  gas.  and  penoleum  industries. 

in  experhnont  m.  six  garmens  systems  selected  specifically 
for  armed  forces  pikNs  were  conqurad:  three  light-weight  FR 
IRghtanltifRVSO  wool/sramid  100%  aramid  and  8(V20 
aramid^ibi)  were  each  evaluated  with  FR  (aramid  tuckstitch 
knit)  and  non-FR  (cotton  tuckstitrh  knit)  ondanetar .  The 
three  (bghtsuits  woe  fabricaied  by  the  sanM  manufacturer 
using  a  pattern  supplied  by  the  Cutadian  military;  the  two 
types  of  underwear  ware  produced  by  two  differem  manufac¬ 
turers.  Three  rcplicjtiooa  of  each  system  were  tested 

Details  of  the  fabrics  used  in  the  garment  systems  for  each 
experimettt  ate  given  in  Tables  I  to  3. 

2J  Thermal  Protective  Performance  Tasliug 
The  TPP  test  rales  textile  materials  for  thermal  resistsnee  uid 
bssulanon  when  expoaed  to  a  convecbve  enagy  level  of  about 
84  kWAn^  (2-0  cal^^-s)  for  a  short  duration  (S).  Ahhough 
it  it  not  attended  for  evahialing  maieriala  expoaed  U>  any  other 
thermal  exposire  such  at  radiant  energy  or  rnohen  metd 
aplath.  Day(6)haademanttraiedtfaalthetourceofheatflux 
ia  not  aa  ifitportaiit  aa  the  method  of  spedmen  mounting.  The 
bicit  of  dse  teat  it  to  meatiae  the  time  it  will  take  to  tranifer 
sufficient  heat  through  a  fabric  layer  to  cauae  second  degree 
skin  bians  on  e  human  under  qiecified  conditient.  This  is 
done  by  mounting  the  fabric  over  a  copper  slug  calorimeter 
and  hrhiging  a  gas  flame  on  a  standard  burner  inio  contact 
wish  the  exposed  surface  of  the  fabric.  The  flame  ii  adjusted 
to  produce  a  heat  flux  of  2  cal/cm^-s  measured  with  the 
copper  slug  calorimeter  widwui  a  fabric  preacm.  Thegaaeous 
fuel  urod  in  litis  study  was  propane.  The  thermal  protective 
performance  (TPP)  rating  equals  die  exposure  heat  flux  (2  cal/ 
cm^-s)  X  die  exposure  time  in  seconds  required  to  transfer 
sufficient  heat  to  produce  second  degree  skin  bums. 

Multqtie  layers  of  fabrics,  which  were  used  together  in  each 
of  die  garment  systems  tested  on  the  mannequin,  were  tested 
according  to  the  TPP  lest  (ASTM  D4I08-87  (5)  as  modified 
by  CAN/CX3SB-1SS.1-M88.  Para.  6.1  (7)].  Restrained 
compof  ite  byer  specimens  with  no  spacer  between  the  fabric 
and  calmimeier  were  tested:  results  of  five  specimens  were 
averaged.  All  fabrics  were  washed  once  fonowing  procedures 
oudined  in  CAN/CGSB-42  No.  S8-M90  (8)  to  remove 
residual  mill  finishea  prior  u>  testing. 

2J  MtwacqHhi  Teat 

The  inatrumenied  mamiequin  was  constructed  of  fibreglass  by 
diqiliraring  the  sh^  of  at  existing  male  store  mannequin. 
iize40R.  Flash  fires  are  produced  with  twelve  propane 
diffusion  flames.  To  measure  the  rate  of  heat  tnuisfer  to  the 
siffface  of  the  mannequin  110  skin  sinuilant  sensors  are  used. 
Output  from  the  sensors  is  recorded  for  60  seconds  during  and 
after  flame  etqxMure;  this  is  used  to  calculate  the  percent  skin 
surface  sea  receiving  2nd  arxi  3rd  d^ee  bums.  Aconqwter 
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TABLE  1.  Experiment  I:  AU-FR  Oannent  Sysienie 


TABLE  2.  EiqMriiiiem  Q:  Systemt  Comprising  FR  and  Non-FR  layers 


TABLE  3.  Experimeiu  III:  Sytlems  Compriiing  Light-Wei(hl  Fli(hi*uiit  md  PR  vi  Non-FR  U 
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cowbwBwI  data  angaiMinii  tyocm  ia  mad  to  nm  die  oqiari- 
BMBI.  fecotd  mti  tun  the  dita,  cataJae  dte  eucm  and  Baaae 
of  akan  damaga  «d  diatilay  dM  imulia.  A  detailad  daacripoon 
of  die  maamaquin  can  be  found  in  Ode  e(  aL  (4). 

b  dme  diffcnnt  ejqiariaieaia.  (annenl  ayatema  which 
oomieiaad  dUfaaem  nundMaa  of  Iqwn  and  which  incarpaaaiad 
flame  leiaednit  (FR)  and  non-FR  layeaa  aa  omlined  abcwe, 
weae  capoaad  to  a  high  heal  fliu.  Eepeairoaeu  1  and  0 
nn»i<lkinn«  inrhafail  «i  g4 kWMi^ ligji  fhix  anda4aecond 
flame  duratifi.  h  eamaimem  m.  atpoauae  conditioM 
hKhided  an  80  kWAn^  heat  flux  and  a  4J  aecoaid  flame 
duration. 

3.  RESULTS  AND  DISCUSSION 

Reaulta  for  aiyarbaant  L  a  compariaon  of  all-FR  ayatema,  are 
given  m  TaUe  1 .  Two  two-layer  ayatema  (ayatema  1  and  2). 
and  a  three-layer  ayaiem  (ayatem  3)  are  oonqiand.  Syalem  1 
(FR  ooveraU  over  FR  underwear)  leaulled  in  a  lower  percent 
mannequin  aurface  reaching  aecond  degree  buma  or  greater 
than  did  aytlem  2  (FR  shirt  md  pania  over  the  FR  underwear). 
It  ia  inteiesling  to  note  that  dthough  the  underwear  and  FR 
pants  had  the  highest  composite  mass,  they  had  the  lowest 
TPF  value.  A  typicd  skin-bum  pattern  on  the  mannequm  for 
system  2  is  shown  in  Figure  1.  Adding  a  third  layer  (system 
3)  dramnically  increased  the  thermal  protection.  When  we 
consider  that  the  uiqaotected  heed  is  7%  of  the  bum  area, 
only  0.7%  of  the  clothed  mannequin  reached  second  degree 
hums  or  greater  when  system  3  was  worn.  For  experimenl  I, 
the  TPP  values  are  indicalive  of  the  relative  mannequin  test 
results  for  the  three  systems. 

b  Table  2,  experiment  H,  two  layer  systems  comprising  FR 
aiKt  ncm-FR  layers  (systems  4, 3,  arxl  6)  are  compared.  When 
an  outer  FR  coverall  is  worn,  results  vary  little  whether  the 
irmer  layer  is  FR  (system  4)  or  non-FR  (system  S).  When  die 
non-FR  layer  is  on  the  outside  (system  6),  however,  the  cotton 
coverall  caught  foe  and  resulted  in  72.6%  of  the  marmequin 
surface  reaching  second  degree  boms  or  greater  (Figure  2). 
The  coverall  flamed  for  approximately  S  minuies  followed  by 
20  minutes  afterglow,  at  which  time  the  coverall  was  removed 
from  the  mannequin  and  extinguished.  The  FR  cotton  pants 
worn  under  the  cotton  coverall  charred,  eqiecially  the  left  leg; 
die  aramid  shirt  was  intact  but  shrank  and  discoloied.  The 
second  replication  of  diis  test  was  omitted  for  fear  of  damage 
to  the  mannequin  system.  The  TPP  results  for  system  6 
would  not  predict  the  poor  performance  in  the  mannequm  teat. 
The  TPP  test  is  not  intended  to  evahiaie  non-FR  materials. 

b  Table  3,  experiment  in,  six  two-layer  systems  oonqiris- 
ing  three  different  ligb-weight  FR  flightsuils  worn  over  FR 
and  non-FR  underwear  are  compared  (systems  7  to  12).  The 
total  mannequb  surface  teaching  aecond  degree  bums  or 
greater  was  lowest  for  system  12  (aramid^pbi  fliiftlsuit  m 
combination  with  die  aramid  underwear).  Regardless  of 
which  type  of  underwear  was  worn,  the  aramid^ibi  flightsuit 
afforded  die  greatest  protection,  followed  by  die  aramid 
flightsuit;  die  FR  wool/aramid  provided  the  least  protection. 
The  FR  wool/aramid  flightsuit  had  a  longer  afterflame,  had 


large  portions  of  the  outer  fabric  disiniegraie  comphtely  on 
the  bm  and  back  body,  and  had  the  greatest  ouier  fahric 
shrinkage.  A  typical  akin-bum  pattern  on  the  mannequm  for 
system  7  is  ahown  b  Figuae  3.  On  the  baaia  of  these  leautis. 
such  a  li^-weigb  wool  Mend  is  not  lacommanded  for  fligb 
enwa. 

h  all  cases,  the  wamid  tuckstitrh  underwear  performed  better 
than  the  cotton  nirktiiidi  imdarwear  under  the  test  oondiiiona. 
The  cotton  imdetwear  worn  under  the  FR  wool/aramid 
coverall  exhibited  tome  localized  tmoldeiing.  If  die  flash  fire 
had  laalad  longer  than  4.3  eecoaida  or  the  heat  flux  had  been 
hi^Uf  •  ihii  underwMV  have 

The  TPP  results  do  not  differenliaie  among  the  three  differem 
flightsuit  fabrics  ami  thus  would  not  predict  either  the 
svperior  performance  of  the  aramid/pbi  or  the  poorer 
performance  of  the  wool/aramid  blends  b  the  mannequin  teat. 
Nor  is  the  differance  between  the  two  types  of  underwear  as 
great  b  the  TPP  lest  as  it  is  b  the  mannequb  lea. 

4.  CONCLUSIONS 

The  protection  provided  by  multiple  layered  garment  systems 
is  significantly  greater  than  would  be  expected  from  the 
additive  effects  of  the  layers  used  singly.  (Typical  results  for 
sbgle  hqrer  coveralls  of  similar  materials  to  those  used  b 
these  experiments  range  from  approximately  13  lo  63  percent 
skb  bum.).  The  outer  layer  of  a  garment  system  must  be 
flame-ictardani,  however,  wearing  a  flamniafale  garment  over 
a  flame-reiardam  one  clearly  negates  the  benefits  of  the  FR 
layer.  While  it  camot  be  concluded  for  certab  that  undergar¬ 
ments  must  also  be  flame-ietardani,  results  demonstrate  that 
wearing  FR  underwear  offers  more  protection  than  wearing 
non-FR  underwear,  especially  when  worn  under  the  relatively 
light-weight  fabrics  which  may  be  used  for  militaiy 
flightsbts. 

Only  b  eiqierbieni  I  did  the  small-scale  thermal  protective 
performance  tests  indicate  the  relative  protection  provided  by 
garniem  systems  conqrisbg  all-FR  layers.  As  expected,  the 
TPP  test  did  not  indicate  the  potential  hazard  of  systems  b 
which  the  outer  layer  is  non-FR.  TPP  results  would  not 
predbt  die  relative  protective  propertiet  of  tidier  the  differeru 
flight-suit  friirics  or  the  differem  underwear  materials 
compared  b  experimem  m. 
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fli^itsttit  fabric,  flightsuit  pbtems  arxl  guidelines,  and  coltcm 
underwear  currently  worn  by  the  Canadian  military;  and  Dan 
Siarko  of  Protective  Apparel  Inc.  for  assistance  b  manufac¬ 
turing  die  garments  for  the  experiments.  Fundbg  from  the 
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THE  UNIUERSITV  OF  ALBERTA 
DEPARTMENT  OF 
CLOTHING  AND  TEXTILES 

Fire  Protective  Clothing 
EvAluetion  Sgeten 


Exposure  Z.B0  csI/ctiZ/sec 
Exposure  Tine  4.0  sec 
Tine  of  Plot  60.0  sec 

^  Znd  Deg  Burn  Zl.BSx 
#  3rd  Deg  Burn  9.40>: 


TOTAL  BURN 


FRONT 


ai.zsx 


Figure  1 .  Predkled  Percent  Skin  Danuige  when  Muinequin  is  Dressed  in  System  2 


14-8 


FlUNT 


REAR 


THE  UNIUERSITV  OF  ALBERTA 
DEPARTMENT  OF 
CLOTHING  AND  TEXTILES 

Fire  Protective  Clothing 
Evaluation  Systen 


Exposure  2.0B  cal/cnE/sec 
Exposure  Tine  4.8  sec 

Tine  of  Plot  68.8  sec 


#  2nd  Deg  Burn  27.45>: 

•  3rd  Deg  Burn  45.15>! 

TOTAL  BURN  72.68x 


Figure  2.  Predicted  Percent  Skin  Danuige  when  Mannequin  is  Dressed  in  System  6 
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THE  UNIUERSITV  OF  ALBERTA 
DEPARTMENT  OF 
CLOTHING  AND  TEXTILES 

Fire  Protective  Clothing 
Evaluation  Systen 


Exposure  2.88  cal/cn2/sec 
Exposure  Tine  4.5  sec 
Tine  of  Plot  68.8  sec 


#  2nd  Deg  Burn  19.58;( 

•  3rd  Deg  Burn  8.38x 

TOTAL  BURN  27.88X 


Figure  3.  Predicted  Percent  Skin  Damage  when  Mannequin  is  Dressed  in  System  7 
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DBTBMOftATHm  OT  MANUAL  PERroSMANCE  IN  COLO  AND  WINDY  CLIMATES 


H  A  M.  Ommo 

PO  Bos  23  NL-37M  ZC  Ncilierisnda 


nAOMARY 

MwmmI  parihn— rt  dunig  work  in  cold  tiid  windy  climnia 
in  wvaniy  huniMrad  by  dacreaMd  dcsianly.  in  this  Mudy  (he 
wmntiHtiw  parfMamnce  decfCMCi  is  invcrtinied  as  a  func¬ 
tion  of  cHniM  Rcton.  The  deereeae  in  &cer-  and  hand 
destehty  and  (rip  force  was  quanlified  for  nine  comhinatiana 
of  anhicHl  temperature  (-20.  -10  and  0*C)  and  wind  speeds 
(0.2,  4  and  S  ma'').  conlroUed  in  a  climatic  chamber.  Fuiger 
desiatity  was  datarminid  by  (he  foirdue  pe(board  teat,  hand 
detderily  by  the  Minneaota  manual  dexterdy  teat  and  grip 
force  by  a  hand  dynamometer.  Twelve  subjeM  with  averafe 
to  low  fat  percentage  were  exposed  to  cold  air  for  one  hour 
with  and  without  extra  inaulatioa  by  a  parka.  The  lubjecu 
were  clothed  in  standard  work  clothing  of  the  Royal  Nether¬ 
lands  Aar  Force  for  cold  conditiona. 

Extra  inaulation  did  affect  cold  aenaatioo  but  not  manual 
performance.  The  deterioration  (in  %)  in  performance  is 
strongly  depandem  u|m  Wind  Chill  Equivalent  Temperature 
(*C),  and  exposure  time  (min).  In  a  computw  program  the 
performuice  deeieaae  and  freezing  risk  is  indicated  for  vari¬ 
able  climntic  oondkions. 

INTRODUCTION 

The  primary  problem  encountered  during  prolonged  exposure 
u>  a  cold  cnviroomcM  is  decrease  dexterity.  It  has  been 
shown  that  this  may  lead  to  an  increaaed  number  of  accidents 
(Muller,  1).  An  aircraft  loading  crew  which  is  seriously 
affected  by  cold  can  unintentionally  threaten  the  safety  of  the 
flying  personnel.  Therefore,  directives  are  needed  to  indicate 
sdicn  a  decrease  in  manual  performance  is  to  be  expected  so 
that  a  fresh  crow  can  take  over  m  time. 


Factors  influencing  the  exposure  lime  are; 

climatic  factors:  ambieitt  temperatute.  wind  speed, 
solar  radiation; 

personal  factors:  fat  insulation,  susceptibility  to 
cold,  metabolism,  acclimatization: 

The  combined  eraxt  of  temperature  and  wind  speed  is  quan¬ 
tified  by  the  Wind  ChiU  Index  (WCl)  and  Wind  Chill  Equiv- 
alent  Tenmenture  (WCET).  The  WCI-term  was  first  intro¬ 
duced  by  Siole  and  Passel  (2)  baaed  on  empirical  data.  Baaed 
on  the  WCl  the  'subjective*  temperature  (WCET)  could  be 
calculated  for  a  chosm  reference  wind  speed.  iMcr,  Stead¬ 
man  (3.  4)  calculated  the  WCET  based  on  models  of  human 
heat  trarufer.  Therefore,  at  the  moment  at  least  two  different 
WCET-tables  are  used  world  wide  with  several  reference 
wind  speeds.  T)ie  Royal  Netherlands  Meteorological  Irwtitute 
and  (he  Meteorologies  department  of  the  Royal  Netherlands 
Air  Force  decided  to  take  the  WCET  according  to 
as  a  reference  with  a  reference  wind  speed  of  2  ms'' . 

In  (his  study  the  climatic  influence  on  dexterity  is  quantified 
by  both  the  WCET  of  Siple  and  Passel  (WCETs^)  *0^  Stead¬ 
man  (WCET^)  with  a  rewrence  wind  speed  of  2  ms'V 
The  subjects  participating  in  the  experimem  were  selected  in 
such  a  way  that  their  avenge  fat  percemage  was  just  below 
the  average.  The  subjects  performed  no  exercise  and  were 
asked  to  sk  quietly  in  order  to  reduce  metabolic  heat  produc¬ 
tion.  In  (his  way  a  worst  crue  situation  was  brought  about. 
Two  different  cloihing  iruulation  sets  were  compared,  based 
on  the  winter  clothing  of  the  Royal  Netherlands  Air  Force. 
The  results  of  the  investigation  have  been  traiulated  in  a 
computer  program  called  WC  (wind-chill)  which  enables 
cakulalion  of  the  freezing  risk  and  dexterity  decrease  during 
cold  exposure. 


TaMa  I.  Data  of  the  invastlgaiad  subjoets.  Body  surtaco  araa  is  calcutatsd  according  m  Dubois  and  (Xibois  (5). 
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yean 

weight 

kC 

height 

cm 

body 

surface 

m^ 
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% 
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volume 
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cm^ 
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surface 
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cro^ 
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37 

68 
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1.82 
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24 

63 

181 

1.81 
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21 

76 
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11.0 
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468 
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32 

83 
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5 

20 

70 

184 

1.92 
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313 
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6 

23 

94 
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21 

17.7 
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39 

63 
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1.76 

19.2 
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28 

76 
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1.99 

12.8 
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495 
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173 

9 

26 

83 

187 
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19.8 

480 
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10 

21 

36 

173 

1.67 

11.6 

360 

365 

141 

142 

11 

23 

94 

193 

2.26 

13.4 
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187 

200 

12 

24 

73 

183 

1.96 

7.3 

440 

447 

169 

164 

•venee 

27 

76 

184 

1.97 

13.5 

469 

480 

172 

174 

sd 

6 

12 

8 

0.19 

4.8 

48 

53 

15 

16 

PresetaedaanAGARD  Meeting  on  ‘The  Suppon  of  Air  Operations  under  Etareme  Hot  anti  Cold  Weather  Conditions',  May  1993. 


MATIBIALS  AND  MKTIKMS 

Twtw  haaMto  «•!«  aHicipMad  m  iht  tiudy  The  uibjecu 
wm  Atliy  mmnu^  m  te  ftupom  of  ihe  miiy  uid  of  their 
ID  utirtriwef  frDDi  ciprriiiMwlHinD  at  uy  lime  without 
pwgM*w>  Md  five  their  wrioca  coeerl.  The  protocol  wm 
approved  by  the  Bihieal  CoeemiMe  of  the  liwtituie.  The  lub- 
jcide  were  Dot  eepoeed  to  cold  prior  to  the  cxperuncM  for  > 
kwg  period  of  MM.  The  leleweM  dale  of  the  tubjecla  ia 
ahown  ia  TaMe  I. 

The  vohaae  aad  aurfoce  ate  not  aigiiiScantly  differenl 
benwee  dM  let  and  ripht  handa  (paired  t-ieai.  P>0.(>S). 

The  averafla  foi  peiceieayi  of  the  aubjecu  waa  13. SK.  Ac- 
cMdwf  to  Fox  and  Malhcwa  (6)  the  average  for  malea  ia 
about  13  tot  17%,  which  meana  that  thia  population  hai  leii 
fol  than  average. 

Thia  mrone  that  aoimative  fornuilatiofia  about  cold  expotuie 
limea  baaed  on  thia  population  will  be  on  the  safe  side. 

CiMalk  coadiiiona 

Every  subject  visited  the  laboratory  six  or  seven  times  (Ap¬ 
pendix  A).  The  ambieol  temperature  was  set  to  0,  -10  en  - 
20*C  and  the  wind  speeds  to  about  0  -  O.S,  3.3  -  4.3  and 
7.3  -  8.3  m/s  (measured  about  one  meter  from  the  ground 
and  about  20  cm  in  front  of  the  face  of  the  subject).  This 
leads  to  nine  different  WCET  values  (Table  II).  The  WCET 
of  Siple  and  Passel  (2)  is  much  more  iniluenced  by  wind 
speed  than  the  WCET  of  Steadman  (4). 


Tablo  H.  Wbid-chill  equlvalam  temparaluras  of  Siple  and  Passal 
(2)  (SO  and  Stoadntan  (4)  (ST)  lor  the  selected  climatic  condl- 
tiona  with  a  rafaranco  wind  spaed  of  2  ms  ' . 


Temp.fC) 

0 

-10 

-20 

WCET-index 

SI 

ST 

SI 

ST 

SI 

ST 

wind  speed 
(ms*^) 

0  -0.5 

+  3 

-►  2 

-  6 

-  8 

-12 

-17 

3.5  -  4.5 

-  6 

,  2 

-17 

-12 

-26 

-23 

7.3  -  8.5 

-15 

-5 

-29 

-18 

-39 

-30 

Dexterity  determinatioo 

Immediately  after  entering  the  cold  room  the  subjects  were 
asked  to  sit  on  a  chair.  If  the  wind  speed  was  about  4  or  8 
ms'*  the  subject  was  seated  in  the  wind  tunnel.  If  the  wind 
was  minimal  the  subject  was  sealed  in  a  shielded  part  of  the 
climatic  chamber. 

Every  twenty  minutes  the  subjects  perfonneu  three  dexterity 
tests,  starting  about  one  minute  after  entering  the  cold  room. 
The  tests  were: 

1  Purdue  Pegboard  test.  This  test  was  shown  to  be  well 
correlated  to  finger  dexterity  (T).  In  thirty  seconds  the 
subjects  had  to  place  as  much  pins  in  the  board  as  poss¬ 
ible  with  both  hands.  The  subjects  did  not  wear  gloves 
during  this  lest. 

2  Minnesota  Rate  of  Manipulation-Placing  test,  well  corre¬ 
lated  to  hand  dexterity  (7).  In  43  seconds  the  subjects  had 
to  place  as  nwny  blocks  as  possible  in  the  holes  with  both 
hands.  The  subjects  were  wearing  leather  gloves. 

3  Maximal  grip  force,  determined  by  the  Jamar  Deluxe 
Hand  Dynamometer,  model  003014.  The  distance  between 
the  handle  bars  was  Axed  to  3  cm.  The  force  was  deter¬ 
mined  with  the  atm  stretched.  The  subjects  were  wearing 
leather  gloves  and  synthetic  mittens. 


Hereafter,  the  subjects  had  to  indicate  the  cold  sensation  on  a 
list  ranging  form  8  to  -8  with  the  lexu  'very  hot’  (8),  ’hot’ 
(6),  'uitcomfortably  warm'  (4),  'comfortably  warm’  (2),  'neu¬ 
tral'  (0),  'comfort^ly  cool’  (-2),  'uncomfortably  cool'  (-4), 
'cold'  (-6)  and  'very  cold'  (-8). 

In  addition,  the  experienced  difficuky  of  the  Minnesota  lest 
was  asked  for  and  rated  on  a  nine  point  scale  with  the  texts 
've>y  easy'  (I).  'easy'  (3).  'neutral'  (3),  'dif&cuk'  (7)  and 
'very  diffleuk'  (9). 

During  the  periods  that  the  subjects  were  not  performing 
tasks  in  the  cold  room,  they  were  silting  quietly  with  gloves 
and  mittens  over  their  handa.  After  the  lak  teat  the  sMjecIs 
left  the  climatic  chamber  and  stayed  in  a  room  of  about  M*C 
for  at  least  one  hour  to  icwarm.  The  gloves,  mktens.  hat  and 
parka  were  removed  during  the  recovery  period. 


During  the  expenments  the  subjects  were  wearmg  standard 
winter  work  clothing  of  the  Royal  Dutch  Air  foiec.  This 
consisted  of:  thermal  underwear,  battle  dress,  warm  overall, 
dickey,  warm  socks,  work  shoes,  for  hat  with  ear  flaps, 
leather  gloves  and  'trigger  ftnger'  mittens.  Goggles  were  u^ 
to  prevent  freezing  of  the  eyes.  'Camachea'  were  put  around 
the  ankles  to  prevent  excessive  air  movement  through  the 
trousers.  Every  subject  was  exposed  to  cold  with  and  without 
an  additional  parka.  The  thickness  of  the  clothing  pails  was 
determined  under  a  pressure  of  100  Pa  and  these  values  were 
entered  in  the  model  of  Lotens  and  Havenkh  (8)  to  determine 
ih«  insulation  values  for  a  mininul  wind  speed.  The  insula¬ 
tion  without  a  parka  was  0.33  m^KAV,  the  insulation  with  a 
parka  was  0.38  m^K/W 

Temperatures 

Finger,  toe  and  face  temperature 

The  temperature  of  the  left  cheek  bone  and  the  ventral  tide  of 
the  distal  phalanx  of  the  left  toe  and  left  little  Anger  was 
determined  by  a  copper-constantane  thermocouple.  The 
sensor  was  Axed  to  the  skin  by  25  mm  wide  air  permeable 
tape. 

Rectal  temperature  (TJ 

Rectal  temperature  was  continuously  measured  by  a  thermis¬ 
tor  (YSI  701)  inserted  about  12  cm  in  the  rectum. 

Mean  skin  temperature  (T^ 

Three  themrocouples  were  placed  to  calculate  T,:  on  the 
sternum  the  belly  ofdhe  biceps  brachii  (T„^  and  the 

medial  vastus  muscle  (T|^).  T,  is  calculated  as 

0.36  T^  -t-  0.25  T,fc^  -t-  0  34  T^,  -k  1  19  HI 

(9).  This  formula  is  validated  against  surface  weighted  calcu¬ 
lation  for  10  locations  for  a  temperature  range  of  13  to  49*C 
and  variable  wind  speed. 

Mean  body  temperature  (T)^ 

The  mean  body  temperature  is  calculated  by  a  formula  by 
Famwonh  and  Havenith  (10): 


0.56  T,  -t-  0  07  T  +  0  04  T. 
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tlw  lubjact  or  Uw  u* 


wu  bckw  3S*C  or  if  om  of  te 
M  bctow  S*C.  WhM  dM 

WH*  rMnovod  bom  Um  goU  i 


FifM.  llM  eflactt  of  iko  cimalie  cowdiiioiw  (WCET.  expoMU* 
IMW  Md  cloHiwg  inwilMinii)  upM  local  aad  eeattal  body  tcm- 
paMum  ia  w>MtigiWiil  by  nubiplB  icgiaaaian  10.  20,  30.  40 
■ad  SO  mini  arc  aAar  tba  Mart  of  the  capoMuc. 

Saooad,  the  rdaiioa  bctuMca  local  and  body  tempcriture  and 
dexiarity  (Gaijar  dexterity,  head  dexterity  aad  |np  foice)  and 
aut^eetive  catioMiora  (cold  and  difficulty)  ii  uiveatipatcd  at 
mMulaa  20  aad  40. 

Finally,  the  direct  effect  of  clinutic  conditiona  on  dexterity 
aad  aubjective  cold  and  difficulty  ia  inveatigated  at  minutes  0. 
20.  40  aad  60. 


RESULTS 


The  total  number  of  aeasiona  waa:  12  (aubjecta)  x  9  (WCET) 
X  2  (clothing)  216.  Tvm>  acaaiona  were  miaaed  due  to 
abaeiiM  of  the  aubjecta.  leaving  214  for  the  analysis. 

la  all  214  acaaiona  the  aubiecu  stayed  in  the  climatic  chamber 
for  at  least  20  minulea.  Twelve  acaaiona  were  ended  before 
the  40ih  minute  and  36  before  minute  60.  The  diop-outa  vme 
only  found  for  low  WCET-valuea  (Fig.  1).  At  a  WCETj*  of  - 
30*C  more  than  M%  of  the  population  dropped  out  before  60 
minutes  exposure.  Almost  all  sessions  were  ended  due  to  toe 
temperature. 


EliMaf 


The  depandanee  of  fieper 
WCCT«.  expeeure  Mae  aad  cl 
Table  m. 


(T,).  T,  aad  T.  ^ 


sum  1 

MSM 

Mid  niMM  fliMfl  iMipM 
MW  QWVHlp 

oofWiMIwi  oodtolMd. 

Sum  fn  *C)  and  WCET  aepa- 
ineuleiinn  |n  m^K/W|.  r  •  mid- 
The  reauHs  ere  evemged  over 

c 

WCET, 

Mae 

iasul 

r 

Tf 

I.S4 

d2J2 

2U 

0.81 

T. 

ILi 

3J2 

-0  04 

HA 

0.84 

T, 

212 

-0.01 

-0.003 

-0.43 

0.78 

Tf  as  well  as  T,  decrease  when  WCETg,  decieasca.  while  T, 
showa  a  small  uicieaae.  Possible  cauaca  for  this  unexpected 
phenomenon  ate  treated  ia  the  diacuasioo. 

Tf,  T,  and  T,  decrease  when  exposure  time  increaaca.  The 
extra  parka  cauaea  a  higher  Tf  and  T,. 

The  WCETg:  shows  higher  correlationa  with  Tf  (0.09)  aad  ^ 
(0.93)  than  WCETgi.  A  lower  correlation  is  found  for  T, 
(0.64).  T^  wu  very  dependent  upM  WCET^  or  WCET^  and 
exposure  time  (Fig.  2):  the  multiple  regression  cotTeStions 
were  0.S4  and  0.92  respectively,  la  Fig.  2  it  can  be  aeea  that 
T^  waa  relatively  high  in  the  aituetion  with  minimal  wind 
speed.  Otherwise  atated:  the  WCET«  should  have  beea 
higher  with  low  wind  speeds.  If  only  the  wind  tunnel  experi* 
menu  were  analyzed  the  mukrnle  regreaaion  coefficiem 
would  have  btxa  0.9?  for  WCET^J 


WCET,  rc) 

Fig.  2  ne^tfon  between  WCET  „  ['C)  and  mean  body  tem¬ 
perature  (T^  in  determined  by  Feniworih  and  llavenith  (10) 
for  aaveral  exposure  bmos.  oalO  minutes,  a  >20  minuiss, 
vaSO  minutes,  «>40  minutos  and  »«S0  iWraass  expiMura 
tima. 


IS-« 


Tlw  pMfcnMaM  OM  Ite  imU  aad  tte  lulijeGtivc  mict  were 
miMirf  10  Tf.  T,  a*d  'T.  The  releiioa  between  T,  and  (mter 
dMmntf  »  ehonni  in  3.  At  finfcr  lenipeiMuree  of  leH 
ihM  14*C  the  perfcnMoce  decreaecs.  The  dropKMNs  «t  tow 
Tf  mty  ewoo  eeiwe  iwdeieetiiiniwn  of  the  deiicniy  desreesc 
atlowi 
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0  10  20  30  40 


finger  temperatu’e  C^) 


flg.  3  flilntlnn  beheenn  fingar  tamperatiifa  (*C)  end  finger 
dMdarily  (detemtined  by  the  Purdtie  Pegboard  taet).  The  valuea 
are  aeewged  omt  twetea  aubfacta.  Each  point  atanda  for  a 
ftteaaurament  at  a  fund  WCET  after  20  or  40  minutaa  axpoaura 
tima  with  or  without  a  partem. 

Tf  and  T,  are  strongly  reteted  tr  =  0.91).  Therefore,  only  T, 
ia  considered  in  the  ttatiatical  analyiia  of  Table  IV. 

Tabto  iV.  negreaaion  aquations  of  the  test  score  ralatad  to 
racial  (T,)  and  mean  skin  (fj  temperature.  C  «  constam.  r  > 
muhipts  oorraiabon  coefficient.  Results  are  averaged  over 
twelve  subjects,  The  ittfluenoe  of  every  factor  is  significant. 


factor 

C 

T. 

T, 

r 

finger  dexterity 

184.0 

1.1 

-5.2 

0.93 

hand  dexterity 

232.1 

1.4 

-6.9 

0.89 

hand  grip  force 

338.6 

0.7 

■9.0 

0.79 

cold  score 

69.99 

1.2 

-3.0 

0.96 

diff.  hand  dext. 

-33.39 

-0.4 

1.3 

0.91 

Dexterity  is  better  for  a  high  T,  (and  Tf)  and  a  low  T^.  In  the 
preceding  paragraph  it  is  shown  that  T,  is  high  for  a  low 
WCET,  w^h  m^es  the  net  effect  of  WCET  on  dexterity 
positive  again.  The  subjective  scores  show  an  identical  image 
to  dexterity;  the  situation  is  assessed  colder  and  mote  difficult 
when  T,  dwreases  and  T,  increases. 

There  was  a  distinct  relation  between  T^  and  performance.  In 
Table  V  the  correlationa  are  shown  between  T|,  and  perform¬ 
ance.  The  method  of  T^-calculatinn  by  Famwnrth  and  Ha- 
venith  (10)  showed  a  better  correlation  with  performance  than 
the  conservative  method  weighing  only  rectal  and  mean  skin 


tcoipcnture  wdh  appropriate  weight  betors  for  a  cold  body 
(0.6  T,  +  0.4  TJ. 

TaWa  V  CarrabfLBn  between  mean  body  lamparaiuro  catoi*- 
lalad  by  T,  and  T,  (fini  oolumn)  and  by  Famwotdi  and  Hawa- 
ndh  (101  taacond  oeluinn)  and  Hta  taai  aootaa. 


mean  body  tempetature 

T,.f. 

Farawonh  and 
Havenah  (10) 

fioter  dexiarity 

0.82 

0.90 

hand  dexterity 

0.78 

0.86 

hand  grip  force 

033 

0.66 

cold  score 

0.91 

095 

diff.  hand  dext. 

083 

0.86 

In  Fig.  4  the  relation 
shown. 

30  - - - r 

between  T^ 

and  fmger  dextenty  is 

»  '  "  1  1  1 

>>  25 

i 


28  29  30  31  32  33  34  35  36 
mean  txxly  temperatire  (*0 


Rg.  4  Halation  batwaan  maan  body  temparatura  (°C)  calcu- 
latad  by  Famwonh  and  Havamth  (10)  and  finger  destenty, 
determined  by  the  Purdue  Pegboard  taat. 

The  fat  percentage  of  the  subjects  has  no  relation  with  the 
scores  on  the  futger  and  hand  dexterity  tests.  Also  the  corre¬ 
lations  of  fat  percentage  with  grip  force,  cold  score  and 
assessed  difficuKy  were  below  0.21 . 

Oirtet  efTret  of  rKmatic  factors  on  dexterity 

Ahsolutt  decrease  in  dexterity 

The  scores  were  dependent  upon  WCETij,,  exposure  time  and 
their  interaction  term.  The  scores  on  the  tests  were  not  de¬ 
pendent  upon  clothing  insulation  or  the  interaction  between 
exposure  lime  and  cluing  insulation.  The  regression  equa¬ 
tions  were  (significant  contributions  are  underlined); 

fmger  dexterity  (number  of  pins  in  Purdue  board  in  30  s)  >= 
27.837  +  0.082  •  WCET^  -  0  023  •  lime 
+  0  003  •  WCETs,  *  'ime  (f  =*  0.90)  (31 


•  • 
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of  blacks  in  Minnotais  board  in  43  t) 
•  -  0.020  •  lime 


(r  -  0.92) 


|4| 


•  tMM  0.000 


(kgf)  -  46.100  +  0.175  •  WCET.  -  0.021 
•  WCETji  •  time  (r^rS:^)  (3) 


For  all  leMa  the  perfcinianoe  «lecraaaea  when  WCETg, 
decraaaei.  Hand  grip  foice  is  less  dclehoraied  by  exposure 
'  an  finger  and  hand  dexterily. 


If  WCBTs  was  lakan  as  the  base  of  calculaiioas  in  need  of 
WCBTgi  me  eorrsiatiena  Car  finger  and  hand  dexterity  would 
have  been  higher  (0.93  and  0.97  lespectively)  but  lower  for 
hand  grip  Ibioe  (0.71). 


finger  dexterity  decrease  (H)  »  -0.24  •  WCET*  -  0.021  * 

WCETa  •  time  (6| 

Hand  dexterity  decrease  (%)  «  -0.42  *  WCET*  -  0.016  * 

WCET*  •  time  (71 

Hand  grip  foree  decrease  (%)  *  -0.23  *  WCET»  -  0.010  * 

WCETji  •  tkne  (g| 

For  s  WCET3,  of  -10*C  and  an  exposure  time  of  30  lamutes 
a  decrease  in  dexterity  of  fingers  and  hands  of  about  9%  can 
be  expertrt.  and  about  6%  foree  deterioration.  At  longer 
exposure  times  the  finger  dexterity  will  deteriorate  more  than 
hand  dexterity.  The  computer  program  takes  these  regression 
lines  at  a  bate  of  calculation  of  p^formance  decrease. 


In  Fig.  3  the  relation  between  hand  dexterity  and  WCET^  is 
shown  for  fiiur  diflerent  exposure  times.  The  interaction  is 
clearly  visible  by  the  convergence  of  the  lines.  For  the  least 
MreasAil  rlimaik!  condition,  the  dexterity  increases  when 
exposure  time  is  profonged.  This  implicates  that  the  point  of 
intersection  can  be  seen  as  the  climatic  condition  in  which  the 
dexterity  is  independent  of  the  exposure  time. 


Rg.  S  nalatlon  between  WCCT  according  to  Steadman  (4)  and 
hand  daxtsrity,  determined  by  ttw  Mnneaota  test  The  tour 
Nnos  are  regr^lon  lines  tor  exposure  time.  The  symbols  stand 
for  oaQ  minutss.  s-20  minutes.  ca40  minutes  and  □>60 
minutss  exposure  tkna. 

Relative  performance  decrease 

In  order  to  be  able  to  indicate  the  percentage  performance 
loss  during  exposure  to  cold  and  wiito,  the  scores  are  nor¬ 
malised  for  the  tests.  This  is  accomplished  by  sveraging  the 
performance  over  WCET,  performance  time  and  cloUiing 
insulation  and  setting  this  average  to  100%  for  every  subject. 
Hereafier,  the  firrmufo’s  are  transformed  in  such  a  way  that 
the  performance  at  0*C  WCETc,  and  start  of  exposure  is  set 
to  100%. 

In  the  regression  analysis  exposure  time  was  not  significant  as 
a  main  effect,  and  therefore  omitted  in  the  regression  wtua- 
tion.  The  model  is  applied  on  the  data  set  of  subject  means 
and  counts  72  dsta  points  (9  WCET  *  4  exposure  times  (0. 
20,  40  and  60  minutes)  *  2  clothing  insulation  values).  ITie 
perceixual  performance  decrease  is: 


CaU  at^  difficulty  assessmeiu 

The  subjective  cold  score  is  lower  for  the  least  insulating 
clothing  ensemble.  The  scores  are  dependeM  upon  WCETk. 
exposure  time  and  their  interaction.  Tlie  subjective  diflicuky 
of  the  Mirmesota  test  is  not  related  to  clothi^  insulation  but 
only  to  WCET^  and  the  interaction  with  exposure  time: 

Coki  score  =  -12.8  0. 15  • 

•  time  -  0.048  • 

Difficulty  =  2.9  -  0.024  •  WCETs,  -  0.001  •  WCETa  * 

time  (r»0.88)  (t0| 

in  which  I  stands  for  the  clothing  insulation  (in  m^-K/W). 

In/luenct  of  wind  and  speed  combination  on  performance 

The  WCET  incorporates  a  certain  combination  of  ambient 
temperature  and  wind  speed.  If  the  performance  is  explained 
by  temperature  and  wind  main  effects  and  their  interaction 
term  the  correlatir..  is  .Miglitly  higher  than  for  both  investi¬ 
gated  WCET's  Table  VI) 

Table  VI.  Coneiatton  between  pettortnance  /  tubjacUva  aoetae 
and  three  different  indices  tor  climatic  conditions.  The  litet 
index  incorporates  ambiem  temperature,  wind  speed  and 
exposure  time  and  ttiair  intametions.  The  second  term  the 
WCET  according  to  Siple  and  Passel  (2),  exposure  time  and 
their  interaction  and  I)**  third  index  ihe  WCCT  aocortling  to 
Steadman  (4).  exposure  time  and  their  intaracbon. 


WCETja 
lime  ■¥  39.0 


0.001  ' 
(r- 


WCET* 
0.91)  (91 


temp./  wind 
and  time 

index 

WCETj^ 
and  time 

WCETj, 
and  time 

finger  dexterity 

0.93 

0.93 

0.90 

ha^  dexterdy 

0.97 

0.97 

0.92 

hand  grip  force 

0.80 

0.71 

0.76 

cold  score 

0.94 

0.93 

0.88 

diff.  hand.test 

0.95 

0.93 

0.88 

The  first  index  shows  the  higlM  correlation  with  perform¬ 
ance.  The  disadvantage  of  this  index  is  the  number  of  terms: 
besides  the  three  main  terms  four  interactions  terms  are  in  the 
regression  equation.  The  explained  variance  of  the  WCET's 
in  not  much  worse  than  that  of  the  first  index  arsd  has  fewer 
terms.  The  WCETu  shows  a  better  overall  relation  than 
WCETij,.  possibly  because  the  latter  underestimates  the 
influence  of  wind. 


IS-« 


cffKti 

Th*  dasiga  wm  balueed  for  ambicM  temperature,  wind 
spend.  ctolkiiM  end  Imw  of  day  (moniing,  aftemoon).  Thara- 
fora.  order  amMla  are  aiehided.  A  data  ploi  of  itie  teat  per- 
formaaee  againat  asparinienl  number  (Fig.  6)  reveals  that  the 
halanrad  daa^  waa  eettamly  need^  benuae  a  leaming 
curve  is  cleufy  present  for  Anger  dexterity  and  in  particular 
hand  dexterity. 


Rg.  a  naladon  between  axpanmant  number  and  the  abaoluta 
aeorae  on  the  linger  daxta^  teat  (number  ol  pine  sat  in  the 
Purdue  Pagboaid  in  30  aeoondel,  hand  dexterity  teat  (number 
ol  blocka  sat  in  the  Mnnoeota  board  in  as  saeonde)  and  hand 
grip  foroa  Qn  kgl).  Vahiaa  are  averaged  over  twatva  subiacts. 

DISCUSSION 

EITcct  of  fHmalir  factors  on  tmiprraturrs 

It  was  found  that  the  core  temperature  was  higher  when 
WCETj^  was  lower.  This  seems  contradictory.  Two  possible 
explanatwns  are  given  below. 

First,  the  low  WCETg|  might  have  caused  a  strong  peripheral 
vasoconstriction  ('physiological  amputation'),  which  cause 
peripheral  circulaiMn  to  minimal  thus  preventing  cold 
blood  going  to  the  body  core.  In  combination  with  the 
enhanced  metabolism,  this  might  have  caused  the  increased 
Tr 

Second,  the  subjects,  knowmg  they  were  entering  a  cold 
environment,  might  have  anticipated  upon  this  by  raising 
their  activity  level  in  the  resting  period.  An  aiulysis  showed 
that  this  might  indeed  have  b^  the  case;  the  average  T, 
during  the  initial  Ave  minutes  in  the  climatic  chamber  was 
37.07  ±  0.09*C  for  WCETs,  >  -I0*C  and  37.30  ±  0.10*C 
for  WCETs,  -15*C. 

Effect  of  ciniurtic  factors  oo  performance 

It  is  shown  in  the  results  that  the  perfomunce  on  dexterity 
tests  is  deleriorsting  under  a  certain  value  of  WCETs,, 
decreases  linearly  WCETs,.  Even  in  the  Arst  mmure- 
ment,  starting  about  a  minute  after  entering  the  climatic 
chamber,  a  WCETs,  bi  visible  in  the  Anger  dexterity. 
The  exposure  time  of  the  hand  grip  test  and  hand  dexterity 
test  is  even  longer  because  they  were  preceeded  by  other 
testis). 


iMolmian 

Clothing  insulatioo  had  a  strong  inOueace  on  the  subjective 
cold  score,  but  did  not  inOuenee  perforraaoce.  The  difference 
in  inaulatiao  by  the  parka  was  about  0.2  Clo,  and  probably 
insufficieat  to  inOuence  perfotmancc. 

Work  fond 

The  experiment  was  performed  with  mwimal  work  load:  the 
only  work  performed  was  the  displacement  of  the  pins  or 
blo^  or  one  bout  of  maximal  volunutry  contraction.  In  this 
situation  performance  deerease  is  expected  to  be  maximal 
compared  to  situations  ui  which  humans  are  warmed  by 
continuous  exercise.  So,  the  results  can  be  interpreted  as  the 
worst  condition.  Moreover,  in  reality  dexterity  tmkx  are  very 
often  performed  in  a  situation  in  which  exercise  is  minimal. 

Sunshine 

Steatfoian  (4)  calculated  the  effects  of  foil  «n««t«in«  (133 
Wm'^)  on  die  WCET^.  For  temperatures  below  0*C  the 
effect  of  sunshine  is  dependent  on  wind  speed  and  almost 
independetu  on  ambient  temperature.  For  minimal  wind  speed 
about  7*C  has  to  be  added  to  the  WCET^,  for  a  wind  of  20 
ms  *  about  3*C  has  to  be  added.  The  developped  computer- 
program  offers  the  possibility  to  correct  for  sunshine. 

Performance  decrease 


Teichner  (II)  is  one  of  the  few  who  related  dexterity  to 
wind<hitl.  His  subjects  had  to  perform  tasks  after  a  23 
minute  exposure  to  cold  in  well  insulated  clothing  and  with 
gloves  on.  The  dexterity  tasks  were  performed  without  hand 
protection.  If  his  results  are  recalculated  to  a  WCETj,  with  a 
reference  wind  speed  of  2  ms'*,  a  performance  decrease  was 
found  at  WCETn  lower  than  -tS*C.  The  Anger  temperature 
was  then  just  below  t4*C.  In  Fig.  3  it  is  shown  that  also  in 
our  investigation  Anger  dexterity  decreased  when  Anger 
temperature  fell  below  14*C.  In  our  study  Anger  and  h^ 
dexterity  decreased  by  IS%  after  an  exposure  of  23  minutes 
to  -18»C  WCETjj,. 


In  1962  Clark  and  Jones  ( 12)  showed  that  dextenty  decreased 
during  cold  exposure,  and  that  this  decrease  had  a  cold  speci- 
Ac  training  effect.  Subjects  trained  for  their  tasks  in  a  cold 
environment  performed  better  Uian  subjects  trained  in  a  warm 
environment  and  then  performing  in  the  cold.  In  our  investi¬ 
gation  cold  and  wind  were  Glanced,  thereby  excluding 
temperature  speciAc  training  effects. 


Relation  between  WCETg,  and  cold  sensalioo 


In  1991  Dixon  (13)  combined  WCETg,  isotherms  with  cold 
sensation  scores  (2)  (Fig.  7). 


In  contrast  to  the  reference  wind  speed  of  2  ms''  which  is 
choosen  in  the  Netherlands,  Dixon  (13)  took  0  ms''  as  a 


The  regression  equation  i 


WCETs  (v,rf  =  2  ms  ')  =  1.117  •  WCETs,  (v,rf  =  0  ms  ') 
+  3.94  [111 

With  the  recalculated  WCETg,  values  Table  VII  is  con¬ 
structed  to  indicate  the  relation  with  cold  sensation. 
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Fig.  7  fltlrten  >»1wn  coM  Mnsabon  (coniintiou*  \um»)  and  wnod-cMH  aquivalant  tamparaturM  acooMing  to  Sta  adman  (doUad 
Hnaa)  in  *0,  in  a  plot  wHti  ambtant  tamparalura  (*C)  on  tha  abctaaa  and  wind  ipaad  (mph)  on  tha  oidinata  (tram;  OUon,  13). 


Tatoia  VN  Tlta  ratadon  baftraan  wind-cbM  aquivalam  tam- 
paraturaa  aooording  to  Staadman  (WCET  g,  in  *C)  and  cold 
aanaadon. 


WCETji 

Cold  sensation 

<-24 

Freezing  cold 

-24  to  -13 

Bitterly  cold 

-13  to  -7 

Very  cold 

-7  to  4 

Cold 

4  to  15 

Very  cool 

From  our  inveatigation  it  in  clear  that  more  factors  than 
WCET3,  tielermiiie  the  coki  sensation.  Clmhing  insulation 
and  exposure  time  also  play  an  important  rale. 

Freoiaii  daaiar 

The  moat  often  used  indicator  for  freezing  danger  is  based  on 
the  work  of  Siple  aitd  Pasael  (2)  and  Teijung  (14).  In  this 
pangtaph  the  established  thresholds  arc  iect|lculaied  to  the 
wCETj,  with  a  reference  wind  speed  of  2  ms''. 

In  Table  VDl  combinatioiis  of  wiitd  speed  and  air  temperaiure 
are  shimm  above  which  the  WCI  of  Siple  and  Pasael  is  equal 
to  1&23  Wm'r  Above  this  value  Teijung  found  a  great  freez¬ 
ing  danger.  In  the  last  column  the  corre^miding  WCET^  is 
given  derived  firom  the  Table  in  Appendix  B. 

At  wiitd  speeds  higher  than  4  ms''  the  freezing  danger  is 
present  for  a  WCET«  of  less  than  -22*C.  This  value  is  close 
to  the  WCETo.  value  below  which  the  cold  sensation  is  called 
'freezing  cold^ (-24*0  in  Table  VII. 


TabalVIH  Ambient  tamperaturaa  (*C)  and  wfod  spaads  (me  ') 
at  which  tha  freezing  danger  is  great  Tha  data  are  baaed  on 
Tai)ung  (14).  The  coirasponding  wind-chill  equivalent  tem- 
paratore  fm  *Q  according  to  Steadman  (4)  is  given  in  bte 
right  hand  column. 


wind  speed 

ambient  temperature 

WCET, 

0.2 

-62.2 

N.A. 

2 

-29.0 

-29 

4 

-20.0 

-23 

6 

-15.4 

•21 

8 

-12.6 

•22 

10 

•10.7 

•22 

12 

-  9.3 

-22 

14 

-  8.4 

-23 

16 

-  7.7 

•22 

IS 

-  7.2 

-23 

20 

-  6.8 

-23 

W«t  hands 

All  subjects  had  dry  hands  during  the  investigation.  In  prac¬ 
tice  tasks  might  be  performed  during  which  the  hands  are 
wet.  The  evaporative  heat  loss  will  cause  extra  loss  of  dex¬ 
terity. 

The  dry  heat  transfer  from  the  hands  can  be  written  as: 

H*,  -  (ht+h,)  •  AT  (Wm-^)  {12| 

in  which  AT  is  the  temperature  difference  between  skin  and 
environment  and  h  the  dry  heat  transfer  coefficient  of  convec¬ 
tion  (h,)  and  radiation  (l\). 

The  wet  heat  transfer  is: 

-  h,  •  APfWm-2)  J13J 

in  which  AP  stands  for  the  difference  in  partial  water  pres¬ 
sure  on  the  skin  and  in  the  air  and  1^  for  the  wet  heat  transfer 
coefficient. 


•  • 
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The  relMiMi  between  b,  and  ii  given  by: 

h,  -  L  *  b,  (Wm-*  Tow  ')  |14| 

L  (Lewie  cweettnt)  ie  2.2  (*C  Torf*)  for  laminer  eir  ureem. 
Af  and  AT  are  cfoeeiy  idaled  when  Ibe  ambient  leeapeiaturc 
ia  toweeed  with  e^ual  relative  bumidity.  Since  b,  ia  about 
twice  aa  laite  aa  1^  tbe  wet  beat  tranafar  ia  twice  the  convec¬ 
tive  part  of  the  dty  beet  tianafer.  The  radiation  pan  of  the 
dry  heel  tianafer  ia  ahnoai  equal  to  h^  if  wind  ia  cb>ae 
to  aero  and  neglaelabfe  with  high  wmd  qpeeda.  Thia  meane 
that  the  total  heal  tianafer  of  the  handa  (bg  -t-  h,  -t-  ia 
about  twice  the  diy  heat  tianafer  (h,  -f  h,)  in  a  condition 
without  wind  and  almoal  three  timea  aa  great  in  tvindy  condi- 
tiona.  Thia  meana  that  handa  wiU  cool  stronger  when  they  are 
wet  and  when  there  ia  a  itrong  wind,  and  thus  deteriorate 
perfoimance  in  an  earlier  Mage.  In  the  computer  program  the 
dexterity  decreaae  for  wet  hands  is  also  assessed. 

The  calculations  above  ate  only  valid  for  continuously  wet 
hands.  When  the  hands  got  wet  only  once,  about  3  g  water 
sticks  to  one  bare  hand.  Evaporation  elimatea  3  •  2430  J  =  7 
kl  heat  from  the  hand.  If  the  water  is  completely  evaporated 
in  five  minutes,  the  mean  hem  loss  is  23  W.  The  hand  has  a 
surfece  area  of  about  0.03  m'.  This  meaiu  that  the  heat  loss 
from  a  hand  ia  about  300  Wm'^. 

CONCLUSIONS 

During  cold  exposure  finger  and  hand  dexterity  and  grip 
force  decrease  linearly  with  WCET$|.  The  longer  the  expo¬ 
sure  time  the  greater  the  performance  decrease.  Dexterity  is 
decreased  by  about  13%  after  an  exposure  time  of  30  minutes 
to  -I8*C  WCETj.. 

By  calculation  it  m  shown  that  the  heat  losa  of  the  hands  ia 
two  to  three  times  higher  when  the  handa  ate  continuously 
wet  and  a  corres^nding  dexterity  decreaae  will  probably 
appear  within  13  minutes. 

Tlse  mean  body  temperature  (T^)  can  be  considered  as  an 
important  physiologkal  intermediate  Jietween  climatic  condi¬ 
tions  and  petformance.  Both  T<  and  T,  are  lower  when  expo¬ 
sure  time  ia  proloaged  and  WCETo  and  clothing  insulation 
ate  reduced.  When  Tf  droppes  b^w  about  t4*C  finger 
dexterity  is  severely  impaired. 

The  cold  sensation  is  strongly  related  to  T,.  The  experienced 
difficuhy  of  the  hand  dexterity  test  is  nut  dependent  upon 
clothing  insulation,  but  a  good  lepresentation  of  the  dexterity 
decrease. 

From  the  literature  it  is  derived  that  at  WCET^  values  of  less 
than  -22*C  a  danger  for  freezing  of  the  bare  skin  exists. 
CloM  to  thia  WCET^  value  subjects  report  to  feel  'freezing 
cold'. 
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During  a  night  formation  mission 
including  an  approach  without 
establishing  a  connection  to  the 
tanker  aircraft  a  collision  of 
both  aircrafts,  Typ  PA  200  - 
Tornado  occurred.  llie  four 
aircrew  members  performed  an 
ejection.  The  site  of  accident 
is  located  over  the  baltic  sea 
in  the  Skagerrak  region.  At  the 
tine  of  accident  the  air 
temperature  «ras  noted  with  6*C, 
the  water  temperature  with  11 *C, 
the  sea  with  waves  of  4  to  4.5  n 
height  with  a  frequency  of  8 
waves  per  minute.  The  time  of 
rescue  ranged  from  1  hour  28 
minutes  to  2  hours  14  minutes. 
It  will  be  reported  on  clothing 
and  personal  equipment ,  on  the 
clinical  findings  and  on 
statements  of  the  crew  members. 
The  crew  member  who  was 
recovered  after  2  hours  and  14 
minutes  did  not  survive.  This 
accident  shows  that  with  the 
ordered  clothing  a  survival 
under  these  conditions  is 
supported,  yet  with  incomplete 
equipment  it  must  be  reckoned 
with  a  fatal  outcome.  Further 
details  are  discussed. 

IBTBODOCTICEI 

In  contrast  to  the  Air  Force, 
naval  air  wings  fly  over  the 
areas  of  the  North  Sea  and  the 
Baltic  Sea  most  of  the  time.  The 
dangers  arising  from  flying  over 
the  sea  are  associated  with  the 
environment ,  the  voluminous 
equipment  of  the  cre%rs  and  the 


fact  that  rescue  tlMS  after 
ejection  may  be  long. 

It  will  be  reported  about  an 
aircraft  accident  which  happened 
in  the  autumn  of  1991.  During 
night  flying  training,  two  PA 
200  collided  over  the  Skagerrak. 
The  four  crew  members  managed  to 
eject.  One  Weapon  System 
Operator  died  from  hypothermia. 

PBgABATlOlt  OF  THE  FLIGHT 

At  the  end  of  October  1991,  the 
flight  mission  was  to  fly  a 
coordinated  attack  in  a  defined 
area  over  the  sea  over  the 
Skagerrak  at  night.  Two 
aircraft,  one  of  them  equipped 
as  a  tanker  airplane,  had 
additionally  been  tasked  to 
practice  night  formation  flying. 
The  aircraft  which  was  to 
simulate  being  refueled  was  to 
fly  approach  maneuvers  to  the 
tanker  aircraft  without  docking. 
In  addition  to  the  general 
briefing  on  night  flying,  there 
were  briefings  on  the  rendezvous 
technique,  formation  exercises 
and  the  carrying  of  lights  of 
the  aircraft. 

In  the  course  of  the  briefing, 
the  pilot  of  the  tanker  aircraft 
suggested  that  he  change  the 
lights  of  his  aircraft  himself 
and  not  only  upon  demand  by  the 
approaching  aircraft  as  laid 
down  in  the  regulations. 

FLIGHT  AMD  WEATHER  DPRIHG  THE 
ACCIDBHT 

The  flight  was  carried  out 
according  to  the  preflight 
briefing. 


PreaeruaiataitACARDMeetifigon  “The  Support  of  Air  Openaioia  under  Extreme  Hot  and  Cold  Weather  Conditions’,  May  1993. 


'ni*  aircraft  were  at  an  altitude 
of  ai^roxiaately  4,000  ft.  since 
the  first  rejoin  maneuver  had 
not  functioned  optimally  as  far 
as  timing  was  concerned  and  more 
than  15  minutes  were  left,  the 
IfSO  of  the  receiving  aircraft 
decided  to  repeat  the  rejoin 
process.  The  tanker  aircraft  was 
flying  at  a  constant  260  -  270 
KIAS.  At  first,  the  receiving 
aircraft  was  flying  at  a  speed 
of  350  KIAS  and  then  reduced  its 
speed  to  300  KIAS.  Once  the 
receiving  aircraft  had  reached  a 
position  of  one  NM  behind,  30* 
staggered  to  the  left  and  200  ft 
below  the  altitude  of  the  tanker 
aircraft  flying  in  front,  the 
approach  maneuver  was  to  be 
carried  out  visually.  The  pilot 
of  the  receiving  aircraft  was 
now  looking  for  the  navigation 
light,  the  wing  obstruction 
lights  and  the  fin/rudder 
assembly  obstruction  lights  as 
well  as  the  anticollision  light. 
In  the  course  of  the  further 
approach,  all  lights  of  the 
tanker  aircraft  except  the  white 
obstruction  light  at  the  fin/ 
rudder  assembly  suddenly  went 
out.  Consequently,  the  pilot  of 
the  receiving  aircraft  was  no 
longer  able  to  estimate  the 
tankers  attitude  in  space,  its 
distance  to  himself  or  his  own 
rate  of  approach .  He  asked  the 
pilot  of  the  tanker  aircraft  to 
switch  the  anticollision  light 
back  on  and  later  reported  that 
"the  white  light  at  the  fin 
assembly  grew  alarmingly  bigger 
and  suddenly  everything  looked 
so  different,  not  like  before.  I 
pushed  the  aircraft  down  and 
then  there  was  a  crash."  After 
the  collision,  all  crew  members 
used  their  ejection  seats  to 
escape  from  the  disabled  air- 
raft. 

At  the  time  of  the  accident,  the 
temperature  of  the  air  was  5  - 
7*C  (approx.  41  -  45*F),  the  dew 
point  was  at  6’c  (approx.  43  *C) 
and  the  water  temperature  was 
11*C  (approx.  52  *F).  According 


to  reports,  the  wave  height  was 
4  -  4.5  m,  the  wave  period  was  8 
seconds  and  the  wind  speed  was 
35  knots  from  an  angle  of  150*. 
There  was  haze,  and  visibility 
was  4  km  with  broken  clouds  at 
an  altitude  of  2,000  ft.  The 
haze  ceiling  was  reported  to  be 
2,000  ft.  Above,  visibility  was 
10  km  or  more.  As  the  moon  was 
on  the  wane,  it  was  very  dark 
but  the  sky  was  starry  (Fig.  1). 

RKPOKT  OF  THE  ACCIDBT 

Approximately  one  minute  after 
the  collision,  another  PA  200, 
which  had  at  first  been  flying 
over  the  Baltic  Sea  and  was  to 
discover  the  disabled  aircraft 
later,  picked  up  the  emergency 
radio  signals  and  informed 
Kopenhagen-Radar .  Kopenhagen 
alerted  the  SAR  readiness 
service  in  Ahlborg,  and  about 
half  an  hour  after  the 
collision,  a  Seaking  SAR  heli¬ 
copter  took  off  and  flew  in  the 
direction  of  Jammerbucht.  Almost 
one  hour  after  the  collision, 
the  helicopter  picked  up  the 
emergency  radio  signals. 

RKSCPg  OF  THB  FOUR  CRBW  MEMBERS 

Roughly  1  hour  and  10  minutes 
after  the  collision,  the  SAR 
helicopter  arrived  at  the  site 
of  the  accident.  8  minutes 
later,  the  SAR  helicopter  found 
the  first  of  the  crew  members. 
The  four  crew  members  where 
rescued  by  means  of  air  rescue 
and  the  double  winch  method, 
which  was  impeded  by  strong  wind 
and  heavy  sea,  after  the 
following  times  (fig. 2): 

The  first  crew  member  was 
rescued  after  1  hour  and  28 
minutes,  the  second  one  after  1 
hour  and  34  minutes  and  the 
third  one  after  2  hours  and  2 
minutes.  All  of  those  three  crew 
members  had  been  in  their  sea 
rescue  boats. 

The  fourth  crew  member  was  found 
drifting  lifelessly  in  the  sea 
without  a  dinghy  and 
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approximately  2  HN  away  from  the 
others.  He  was  rescued  after  2 
hours  and  14  minutes.  Resuscita¬ 
tion  was  given  in  the  helicopter 
until  it  arrived  at  the  Tliistedt 
hospital. In  Ahlborg,  the  three 
other  crew  members  were  handed 
over  to  the  German  SAR  crew 
which  had  arrived  by  then. 

The  life  raft  of  the  crew  member 
tdio  had  been  rescued  last  was 
not  found  at  first.  Two  days 
later,  it  was  salvaged  on  the 
Nozmegian  coast.  The  splash 
cover  was  filled  with  water,  the 
bottom  was  partly  inflated.  As 
was  found  out  later,  the  dinghy 
lanyard  had  torn  over  a  sharp 
edge  due  to  the  application  of 
strong  force  approximately  at 
the  point  where  it  leads  into 
the  interior  of  the  dinghy.  It 
may  be  assumed  that  the  HSO  had 
first  climbed  into  his  rubber 
boat  after  ejection  and  was 
later  separated  from  it  for 
unknown  reasons. 

One  of  the  surviving  crew 
members  later  said  that  at 
first,  the  weapon  system 
operator,  who  later  was  drifting 
in  the  sea  lifelessly,  had  been 
within  calling  distance.  Both 
had  confirmed  each  other  that 
everything  was  OK. 

FIHDIHCS  WITH  RESPECT  TO  THE 
IHDIYIPPAL  CRHT  HHIBgBS 

The  crew  member  rescued  first 
’^(Fig.2)  was  wearing  regulation 
clothes,  i.e.  the  sea  survival 
suit  NK  10  and  the  padded 
thermal  underwear  as  well  as 
long  underclothes  underneath  and 
in  addition  anti-g  trousers.  He 
was  in  good  condition  when 
rescured..  He  only  said  that  his 
feet  had  been  cold,  but  there 
were  no  other  signs  of  hypo¬ 
thermia  . 

In  the  case  of  the  crew  member 
rescued  second,  who  also  had 
been  wearing  regulation  clothes 
but  no  anti-g  trousers,  the  sea 
survival  suit  had  filled  with 
water  up  to  the  hips  because  the 


closure  plug  for  the  anti-g 
adapter  had  been  lost.  He  showed 
moderate  symptoms  of  hypothermia 
and  was  able  to  talk  and  walk. 
The  sea  survival  suit  and  the 
hands  of  this  man  were  covered 
with  tiny  metal  particles.  The 
X-ray  pictures  taken  afterwards 
showed  that  metal  particles  had 
penetrated  both  hands. 

The  crew  member  who  was  rescued 
third  exhibited  some«rhat  more 
obvious  signs  of  hypothermia;  he 
also  was  able  to  talk.  In  his 
case,  too,  the  clothes  worn  were 
according  to  the  regulations.  He 
was  not  wearing  anti-g  trousers 
and  the  sea  survival  suit  had 
also  filled  with  water  up  to  the 
hips  due  to  the  loss  of  the 
closure  plug  of  the  anti-g 
adapter.  In  addition,  there  were 
signs  of  burn  on  the  right 
sleeve  of  the  life  jacket  which 
continued  up  to  the  right  side 
of  the  face  where  there  were 
surface  burns.  The  signs  of  burn 
were  probably  caused  by  the 
jettison  system  of  a  canopy 
damaged  during  the  collision 
which  thus  did  not  separate 
properly. 

The  subsequent  analysis  of  the 
metal  particles  which  were  found 
in  the  crew  member  rescued 
second  made  it  possible  to 
identify  them  as  lead  with 
adhering  silicone  particles  as 
can  be  found  in  the  detonating 
cord  of  the  canopy. 

For  the  time  being,  the  three 
survivers  were  not  examined  any 
further  due  to  their  good 
conditions . 

The  medic  said  that  the  head  of 
the  HSO,  who  was  rescued  last 
and  was  found  drifting  in  the 
water  lifelessly,  had  hung  down 
to  the  right  and  had  been 
brought  into  this  position  by 
the  helmet  which  he  had  still 
been  wearing.  Sea  water  had 
flown  into  and  out  of  the  mouth. 
The  emergency  signal  he  had  been 
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carrying  had  been  hanging  deep 
into  the  water.  As  a 

consequence,  the  signal  had  been 
considerably  weaker  than  those 
of  the  others  which  had  probably 
been  the  reason  why  it  was 
picked  up  last.  After  the  rescue 
by  aeans  of  the  winch, 
resuscitation  aeasures  were 
started  in  the  helicopter 
iimediately.  These  were 

continued  after  the  rescued  crew 
aeabers  had  been  tzdcen  over  by 
an  anbulance  and  during  the 
transport  to  the  hospital  in 
Thistedt.  A  doctor  present  in 
the  helicopter  reported  that  the 
WSO  had  bee.i  dead,  at  least 
clinically,  at  the  tine  he  was 
rescued.  The  sea  survival  suit 
had  been  cut  open  already  in  the 
helicopter.  It  turned  out  that 
underneath,  the  WSO  had  neither 
worn  the  padded  thermal 

underwear  nor  long  underclothes. 
On  the  whole,  the  sea  survival 
suit  had  filled  with  a  normal 
quantity  of  water.  Already 
during  the  transport,  attempts 
were  made  to  resuscitate  the  WSO 
by  means  of  defibrillation;  he 
was  intubated  and  given 
artificial  respiration  using 
oxygen.  In  spite  of  these 
efforts,  he  was  pulseless  and 
electrocardio-graphically 
asystolic  when  admitted  to 
hospital.  There,  he  was  again 
subjected  to  defibrillation  and 
given  artificial  respiration. 
After  about  30  minutes, 
resuscitation  was  given  up.  The 
measures  aimed  at  warming  him 
up,  which  had  already  been  begun 
during  transport,  had  been 
continued  in  hospital.  They 
caused  the  rectal  temperature  to 
rise  from  an  initial  28 *C 
(approx.  82  ’F)  to  29.4  ’C  (85 
*F).  In  the  death  certificate, 
he  is  described  as  a  strong, 
relatively  young  man  with  rigor 
and  not  completely  developed 
livors  mortis.  No  signs  of 
bruises  could  be  found.  The 
endotracheal  tube  was  left  in. 
It  was  not  possible  to  make 
water  rise  in  it  by  applying 


pressure  to  the  chest.  The  death 
certificate  states  that  the 
death  must  be  considered  a 
consequence  of  the  prolonged 
exposure  to  cold  water  with 
subsequent  strong  hypothermia . 
It  says  that  this  led  to 
electrolyte  disturbances  with 
cardiac  irregularity. 

In  the  course  of  the  external 
post-mortem  examination  and 
autopsy  of  the  dead  crew  member 
conducted  by  our  institute, 
signs  of  the  resuscitation 
measures  carried  out  in  the 
hospital  were  found,  such  as 
electrodes  on  the  chest,  a 
perfectly  circular  mark  in  the 
middle  of  the  chest  which  is 
typical  of  defibrillation  and 
signs  of  intubation  in  the  mouth 
and  pharynx.  In  addition,  an 
about  penny-sized,  brownish 
dehydrated  part  of  the  skin  with 
a  central  defect  formation  on 
the  outside  of  the  right  thigh 
was  detected  during  the  external 
post-mortem  examination.  On 
incision,  a  hemorrhage  extending 
over  a  length  of  23  cm  was  found 
which,  on  the  one  hand,  points 
to  a  relatively  long  survival 
after  ejection  but  on  the  other 
hand  was  probably  very  painful 
and  is  likely  to  have  limited 
the  weapon  system  operator's 
mobility  considerably. 

Further  findings  of  the  post¬ 
mortem  examination  as  well  as 
facts  with  respect  to  the  cause 
of  death  will  be  dealt  with 
later  in  lecture  No.  21. 

DISCDSSIQH 

How  are  the  findings  to  be 
interpreted  and  which 
conclusions  can  be  drawn  for 
practice  as  far  as  ejection  over 
the  sea  is  concerned? 

PATHOPYSIOLOGY 

If  eunbient  temperatures  are 
normal,  the  heat  given  off  by 
the  body  corresponds  to  the  heat 
produced  in  the  body.  Living 
hiiman  beings  give  off  heat  from 


thttir  body  via  the  air  by  Mans 
of  heat  radiation,  heat 
conduction,  convection  and 
evaporation.  The  body  responds 
to  a  decrease  in  the  asbient 
teiqperature  by  increasing  heat 
production  and  possible 
tresbling  caused  by  cold.  In  the 
water,  the  conditions  are 
soMtdiat  different. 

The  conducting  capacity  of  water 
is  approxisately  25  tises  higher 
than  that  of  air  which  means 
that  the  body  say  reach  a 
critical  lisit  of  heat  loss  even 
if  the  water  temperature  is  20 *C 
(68  *F).  In  the  water,  heat  is 
mainly  given  off  by  Mans  of 
heat  conduction  and  convection. 
Movements  in  the  water  lead  to 
em  additional  increase  in  heat 
loss  due  to  convection.  In  this 
context ,  the  subcutaneous 
adipose  tissue  is  also  decisive. 
Thin  people  chill  through  more 
quickly  than  fat  ones, 
especially  if  moving.  When 
hypothermia  starts,  i.e. 
approximately  from  a  body 
temperature  of  35 *C  f''5  F),  the 
body  responds  by  increasing 
metabolism  by  a  factor  of  up  to 
20  in  order  to  boost  its 
endogenic  heat  production,  e.g. 
by  means  of  trembling  caused  by 
cold.  At  a  temperature  of  about 
28’C  (approx.  82  *F),  physical 
heat  regulation  fails. 

A  protective  suit's  primary 
function  is  to  protect  the  body 
from  water  and  cold.  Its 
insulation  capacity  depends 
mainly  on  the  thickness  of  the 
layers  of  clothes  and  the  air 
trapped  in  between  them.  If  this 
air  is  replaced  by  water,  e.g. 
due  to  a  leakage  irtien  immersed 
in  water,  insulation  is  reduced 
considerably. 

In  the  literature  on  this  topic, 
descriptions  of  all  kinds  of 
different  trials  for  testing  sea 
survival  suits  can  be  found. 
Above  all,  in  the  study  by  Anton 
tests  were  carried  out  with 
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clothes  comparable  to  those  %pom 
in  our  case.  The  test  persons 
stayed  in  the  dinghy  with 
complete  winter  protective 
clothing  for  4.5  hours.  In  the 
first  series  of  tests,  the 
complete  winter  protective 
clothing  consisting  of  long 
underwear,  anti-g  trousers, 
thermal  undermar,  sea  survival 
suit  MX  10,  boots  and  waterproof 
leather  gloves  was  tested.  The 
test  persons  for  the  second 
series  of  tests  were  dressed  the 
seme  way;  however,  they  did  not 
mre  thermal  underwear.  The 
temperature  of  the  esophagus , 
the  rectal  temperature  and  skin 
temperatures  at  various  places 
were  measured.  There  were  hardly 
any  differences  as  far  as  the 
average  temperature  of  the 
esophagus  was  concerned,  which 
was  about  37  *c  (approx.  99 
*F),  in  both  the  first  and  the 
second  series  of  tests.  However, 
the  rectal  temperature  dropped 
steadily  after  a  slight  rise  in 
the  beginning;  it  decreased  more 
sharply  in  the  series  of  tests 
without  thermal  underwear. 
However,  it  did  not  fall  below 
36  *C  (approx.  97  *F).  The  skin 
temperature  dropped  sharply  at 
first  but  then  only  decreased 
slowly.  For  test  persons  without 
thermal  underwear,  this  decrease 
was  considerably  more 
pronounced. 

In  our  case,  the  persons 
concerned  had  been  wearing 
similar  winter  protective 
clothing. 

In  case  no.  i,  the  clothes  were 
according  to  the  regulations; 
the  crew  member  was  rescued  from 
his  dinghy  after  1.5  hours;  he 
only  complained  eUtx>ut  cold  feet 
and  showed  no  other  signs  of 
hypothermia . 

In  the  cases  no.  2  and  3,  the 
clothes  were  in  accordance  with 
the  regulations  but  due  to  the 
loss  of  the  closure  plug  of  the 
anti-g  adapter,  the  survival 
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suits  of  both  of  thus  had  flllsd 
with  water  up  to  the  hip.  This 
penetration  of  water  led  to  a 
considerably  greater  loss  of 
body  heat.  The  crew  sesber 
rescued  third  after  about  2 
hours  exhibited  clear  signs  of 
hypothersia. 

In  case  no.  4,  the  clothes  were 
not  in  accordance  with  the 
regulations.  The  WSO  had  neither 
worn  long  underclothes  nor 
themal  underwear.  Furthemore, 
he  was  not  in  his  lifeboat,  at 
least  at  the  tine  he  was 
rescued.  As  the  signal  was 
danpened  due  to  the  fact  that 
the  radio  equipment  was  hanging 
down  into  the  water,  he  was 
rescued  last.  In  a  little  over  2 
hours,  i.e.  when  finding  hin, 
his  rectal  temperature  had 
already  dropped  to  28 *C  (approx. 
82  *F).  The  subsequent  rise  in 
the  rectal  temperature  to  29.4 
*C  (85  *F)  could  be  explained  as 
the  dissipation  of  the  heat  from 
the  core  of  the  body,  which,  at 
the  beginning,  certainly  had 
still  been  warmer,  to  the 


outside.  This  sharp  drop  of  the 
rectal  temperature  may  have  been 
caused  by  the  increased  loss  of 
heat  due  to  convection  in  a 
heavy  sea  and,  in  the  beginning, 
perhaps  by  the  crew  member's 
swimming  action. 

The  fatal  case  shows  clearly 
that  complete  clothes  must  be 
insisted  on  and  that  failure  to 
comply  with  this  regulation  may 
lead  to  a  tragical  outcome. 

In  summary,  one  can  say  that  it 
has  been  proved  that  sufficient 
protection  against  hypothermia 
can  be  achieved  under  the 
mentioned  conditions  even  if  the 
sea  is  cold  if  regulation 
clothes  are  worn  and  if  the 
person  concerned  stays  in  his 
dinghy.  The  clothing  laid  down 
in  the  regulations  provides  a 
good  chance  of  survival  also  in 
cases  of  emergency  bailout  over 
bodies  of  water. 


The  literature  will  be  available 
at  the  authors  adress. 


Weather  conditions  on  the  day  of  the  accident 


Air  temperature 
Water  temperature 
Dew  point 
Wave  height 
Wave  period 
Wind 
Visibility 


5  -  6*C 
11  *0 
6*C 

4  -  4.5  m 
8  /  s 

150*.  35  kn 

4  km.  haze  and  broken 
clouds  up  to  2000  ft. 

10  km  above  4000  feet, 
new  moon,  starry 
Fig-1 


Rescue  times  after  collision 


Case  1:  1  h  28  min 
Case  2:  1  h  34  min 
Case  3:  2  h  02  min 
Case  4:  2  h  14  min 


in  the  dinghy 
in  the  dinghy 
in  the  dinghy 
drifting  in  the  water 


Clothing  and  findings  of  crew  members  after  the  rescue 

Casa  1;  1  h  28  min  clothing  according  to  regulations,  anti-g-trousers, 

in  good  condition  without  signs  of  hypothermia 

Case  2:  1  h  34  min  clothing  according  to  regulations,  water  in  the  sea 

survival  suit  up  to  the  hips,  but  in  good  condition 
with  moderate  signs  of  hypothermia 

Case  3:  2  h  02  min  clothing  according  to  regulations,  water  in  the  sea 

survival  suit  up  to  the  hips,  but  in  good  condition 
with  somewhat  more  obvious  signs  of  hypothermia 

Case  4:  2  h  14  min  clothing  not  according  to  regulations,  not  in  the 

dinghy,  at  the  first  examination  in  the  helicopter 
unconscious,  rectal  temperature  28*C 

Fig.3 
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SUMMARY. 

In  this  pap«r  the  concept  of  an 
Advanced  Integrated  Survival  System 
is  introduced  and  discussed  in 
relation  to  the  Helicopter  Crew 
Member  and  Passengers,  although  the 
principles  are  equally  applicable  to 
many  other  types  of  user  and 
circumstances  requi^  specialised 
protective  clothing. 

The  fundamental  principles  behind  the 
concept  are  firstly  that  the  wearer 
should  be  given  protection  against 
all  of  the  hazardous  responses 
associated  with  immersion  in  cold 
water  and  secondly,  that  the 
individual  components  which  make  up 
the  integrated  survival  system  (ISS> 
must  be  compatible  and  complementary. 
They  may  also  be  interdependent. 

DISCUSSION. 

The  Integrated  Survival  System 
represents  a  radical  rethink  of  the 
personal  survival  equipment  used  in 
situations  where  life  can  be  at  risk 
at  sea  -  not  only  by  helicopter  crew 
and  passengers,  but  also  by  workers 
on  oil  rigs,  offshore  yachtsmen, 
passengers  and  crew  on  ships, 
fishermen  and  members  of  the  Armed 
Services.  The  philosophy  behind  the 
development  of  an  Integrated  Survival 
System  was  determined  by  very 
extensive  research  work  involving 
experts  from  the  fields  of 
physiology,  health  and  safety  and 
diving  medicine. 

Existing  in-water  survival  equipment 
had  shortcomings  which  had  been 
identified  by  independent  testing  and 


research  -  including  the  possibility 
of  incompatibility  of  lifejackets  and 
survival  suits  (which  normally  came 
from  different  manufacturers  and  had 
not  been  designed  to  work  together) 
and  the  probability  of  inadequate 
protection  from  hypothermia  and  cold 
shock. 

Information  on  the  performance  of 
uninsulated  immersion  suits  had  been 
available  since  1956  (Hall  &  Polte 
1956).  Figure  1  shows  how  any 
leakage  dramatically  affects  the 
performance  of  an  uninsulated 
Immersion  suit  -  even  as  little  as 
500  grams  of  water  leads  to  a  loss  of 
3056  of  the  insulation  value.  In 
rough  seas,”  leakage  can  and  does 
occur.  Plotting  the  curve  of  an 
uninsulated  immersion  suit,  which 
provides  0.3  CLO,  on  Figure  2, 
demonstrates  that  in  cold  water,  such 
as  in  the  North  Sea,  (which  goes  down 
to  4®C),  predicted  survival  time  is 
only  about  2  hours  in  calm 
conditions.  Testing  in  rough  water 
under  laboratory  conditions  has 
suggested  that  these  projected 
survival  times  could  be  reduced  by  as 
much  as  30%.  (Hayes  et  al  1985, 
Tipton,  1991). 

Our  own  tests  at  CORD  in  Canada, 
proved  that  the  CLO  value  of  an 
uninsulated  immersion  suit  barely 
meets  the  minimum  acceptable  limits 
of  IMO-SOLAS  i.e.  0.3  CLO.  Our 
manned  trials  at  the  Institute  of 
Naval  Medicine,  conducted  by  Robens 
Institute,  demonstrated  that  in  water 
at  4®C  an  uninsulated  immersion  suit 
allowed  a  subject  to  become 
hypothermic  in  just  78  minutes  with  a 
core  temperature  falling  at  a  rate  of 
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ESTIWIkTED  CAUI  WATER  SURVIVAL  TIME  :  HOURS 


Total  leakage  g 


PIG. I  PEICEKT  LOSS  OF  IKSUIATIOM  PLQTTPB  ACAmST  LEAKAGE 


PREDICTED  SURVIVAL  TIME  AGAINST  SEA  TEMPERATURE  FOR 
FOUR  LEVEL  OF  DQCRSED  CLOTHING  INSULATION 


FIG,  2 

NUNNELEY  S.A.  AND  WI5SLER  E.H..  PREDICTION  OF  IWIERSION  HYPOTHERMIA 
IN  MEN  WEARING  ANTI-EXPOSURE  SUITS  AND/OR  USING  LIFE  RAFTS. 
advisory  group  FOR  AEROSPACE  RESEARCH  AND  DEVELOPMENT. 
report  no.  AGARD-CP-286.  I960. 
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1.65«C/hour. 

These  performance  statistics  pose 
serious  and  fundamental  questions 
about  survival  suit  design.  There 
are  clearly  many  variables  in  an 
emergency  situation  at  sea  -  such  as 
water  ingress  into  the  immersion 
suit,  adverse  weather,  rough  seas  and 
time  before  rescue.  The  protection 
afforded  by  survival  equipment 
against  hypothermia  should  be  far  in 
excess  of  the  minimum  for  survival. 
Whilst  an  uninsulated  immersion  suit 
is  comfortable  in  air  and  has  a  low 
buoyancy  index,  it  is  unlikely  to 
provide  adequate  protection  in  cold 
water.  An  inherently  insulated 
immersion  suit  is  not  a  viable 
alternative  particularly  for 
helicopter  and  aviation  applications, 
because  it  is  not  environmentally 
acceptable  in  air,  and  is  excessively 
buoyant,  making  escape  from  a 
submerged  craft  even  more  difficult. 

However,  other  physiological  problems 
arising  from  immersion  in  cold  water 
have  been  identified  during  the 
ongoing  research  work  of  Dr.M.  Tipton 
of  Robens  Institute  which  have  also 
had  a  far  reaching  effect  on  our 
approach  to  survival  suit  design. 

The  "cold  shock"  response  Includes 
increased  heart  rate  and  the 
contraction  of  the  blood  vessels 
which  together  cause  blood  pressure 
to  rise.  In  addition  reflex  gasping 
and  uncontrollable  hyperventilation 
can  occur,  as  a  result  of  which 
breath-hold  times  can  be  so  greatly 
reduced  that  escape  from  a  submerged 
craft  or  upturned  helicopter  might  be 
impossible.  Clearly  there  is  a  risk 
of  aspirating  water  and  drowning  can 
occur.  Only  when  "cold  shock"  has 
been  survived  does  the  longer  term 
problem  of  hypothermia  become  a 
factor  in  survival. 

Another  potential  physiological 
problem  to  be  considered  is 
hydrostatic  squeeze,  which  occurs 
when  the  immersed  survivor  floats 


with  his  legs  vertically  below  him 
and  hydrostatic  pressure  pushes  blood 
from  the  lower  limbs  into  the  upper 
torso.  If,  during  the  rescue,  he  is 
lifted  from  the  sea  vertically,  the 
hydrostatic  pressure  is  removed  and 
gravity  is  reintroduced.  As  a 
consequence  cardiac  output  can  fall 
and  arterial  pressure  collapse. 

Although  still  at  risk  when  being 
lifted  from  the  water  vertically,  a 
survivor  who  has  been  floating 
horizontally  at  the  surface  of  the 
sea  is  at  less  risk  of  post  immersion 
collapse  than  a  survivor  who  has  been 
floating  vertically  in  the  water  for 
a  corresponding  period  of  time. 

In  all  rescues  from  the  sea  it  is 
preferable  that  the  survivor  be 
lifted  horizontally  whatever  his 
attitude  in  the  sea.  (Golden,  Hervey 
and  Tipton,  1992). 

The  Integrated  Survival  System  has 
been  designed  to  provide  equipment 
which: 

(a)  Is  compatible  and  complementary. 

(b)  Comprehensively  addresses  all  of 
the  physiological  hazards 
experienced  by  the  immersion 
victim. 

The  component  parts  are: 

1.  An  emergency  underwater 
breathing  device  which  is  safe 
and  easy  to  use,  to  combat  the 
effects  of  cold  shock  and 
facilitate  escape  from  a  downed 
flooded  helicopter. 

2.  A  lifejacket  which  combines  high 
buoyancy  with  reliable  self 
righting  capabilities  when 
wearing  a  survival  suit. 

3.  A  survival  suit  which  provides 
advanced  protection  from 
hypothermia,  yet  be  comfortable 
in  air,  meeting  environmental 
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and  low  buoyancy  requirements 
when  flying  yet  giving  a  high 
insulation  value,  and  horizontal 
flotation  in  water. 

The  first  element  of  the  system  has 
to  address  the  immediate  problems  of 
the  immersion  victim  who  is  in  the 
first  moments  of  a  helicopter 
accident.  Helicopters  are  top  heavy 
and  therefore  invert.  In  the 
ensuing  in-rush  of  cold  water,  the 
victim  is  disoriented  both  by  the 
inversion  of  the  helicopter  and  the 
poor  vi'ibility,  giving  rise  to 
confus  .1  and  panic.  To  make 
matteio  worse,  "cold  shock"  takes 
hold  and  his  breath-hold  time  is 
drastically  reduced.  This  is  an 
extremely  hazardous  situation  and  an 
Emergency  Underwater  Breathing  Device 
could  make  the  vital  difference 
between  escaping  and  becoming  a 
fatality. 

Emergency  Underwater  Breathing 
Devices  are  in  existence,  mainly 
provided  by  the  Armed  Services  for 
its  personnel  (for  example  HEED  II  in 
the  U.S.  and  Canada,  ST ASS  for  the 
Royal  Navy,  and  HEED  I,  used  by  the 
U.S.  Coastguard).  These  devices 
have  distinct  disadvantages :- 

1.  The  risk  of  pulmonary 
overpressure  accident  -  the  open 
circuit  systems  can  be  breathed 
down  due  to  hyperventilation, 
and  duration  times  as  low  as  15 
seconds  have  been  i-ecorded  from 
what  are  theoretically  3  minute 
sets. 

2.  Considerable  maintenance  is 
needed  to  ensure  that  the  sets 
are  full  and  in  working  order 
during  potentially  long  periods 
of  storage. 

3.  Rigorous  training  requirements 
to  overcome  the  dangers  of 
misuse,  with  pool  training 
requiring  a  recompression 
chamber  and  medical  staff  in 


attendance  in  case  of  pulmonary 
overpressure  accidents. 

4.  With  HEED  I,  the  emergency 

breathing  system  is  built  into  a 
lifejacket,  which  has  one 
compartment  inflated  by  0^  -  but 
this  is  excessively  buoyant  and 
would  inhibit  escape  from  the 
helicopter.  In  addition,  the 
devices  which  utilize  high 
pressure  gas  cylinders  are 
permitted  in  Military  aircraft 
but  contravene  Civilian 
regulations  and  cannot  be  used 
in  the  wider  context  of 
helicopter  operations. 


The  criteria  for  our  "Air  Pocket" 
Emergency  Underwater  Breathing 
Device,  is  that  it  is  simple  in 
design  and,  when  used  as  recommended, 
can  only  be  of  assistance  in 
extending  the  underwater  survival 
time  of  the  user.  Because  it  is 
used  unprimed,  the  user  only 
rebreathes  the  volume  of  air  in  the 
lung  on  submersion,  thus  avoiding  the 
risk  of  a  pulmonary  overpressure 
accident. 


Air  Pocket  is  basically  a  counterlung 
integrated  into  the  Survival  Suit  but 
is  not  physically  part  of  the  suit 
itself.  It  is  placed  as  near  to  the 
lung  centroid  position  as  possible 
and  is  designed  so  it  can  be  breathed 
in  any  attitude  underwater  within 
prescribed  acceptable  breathing 
limits. 


The  Air  Pocket  has  a  breathing  hose, 
swivel  connectors  and  mouthpiece,  and 
is  mounted  so  that  it  is  accessible 
and  easy  to  use,  whilst  offering  no 
encumbrance  to  the  immersion  victim. 
The  mouthpiece  is  placed  in  the  mouth 
when  assuming  the  crash  position. 

It  is  breathed  to  atmosphere  as  long 
as  possible  -  then,  after  taking  a 
deep  breath,  the  user  changes  over  to 
the  Air  Pocket  counterlung.  It  is 
recommended,  but  not  essential,  to 
hold  one's  breath  as  long  as 
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possible.  Trials  in  10*C  water  have 
shown  the  average  breath-hold  time  in 
active  mode  to  be  17  seconds.  Once 
breath-hold  is  broken,  the  user 
breathes  on  the  Air  Pocket  until  he 
has  made  his  escape. 

Air  Pocket  is  a  safe  and  effective 
Emergency  Underwater  Breathing  Device 
requiring  very  little  maintenance  and 
for  which  the  training  requirement  is 
uncomplicated  and  without  risk. 

Our  research  and  testing  has 
conclusively  shown  that  a  survival 
suit  should  be  designed  to  reduce  the 
"cold  shock"  response.  When  this  is 
done  Air  Pocket's  performance  is 
enhanced  -  in  other  words,  the  Air 
Pocket  is  best  used  as  part  of  an 
Integrated  Survival  System. 

The  second  element  of  the  Integrated 
System  is  the  lifejacket  and  we 
decided  to  depart  from  traditional 
lifejacket  configurations  and  design 
an  asymmetric  lifejacket  which 
offered  the  greatest  possible  turning 
moment,  ensuring  that  the  resistance 
created  by  the  survival  suit  could  be 
overcome  and  the  survivor  self 
righted.  The  asymmetric  lifejacket 
has  a  high  buoyancy  (275  Newtons),  it 
has  a  low  profile  when  deflated,  but 
on  inflation  the  asymmetric  shape 
gives  a  mouth  above  water  height  in 
excess  of  150mm  and  because  of  the 
shape  of  the  asymmetric  lifejacket  no 
water  is  channelled  into  the 
survivors  mouth.  The  splash  guard 
is  designed  for  ease  of  deployment 
ensuring  that  there  is  no  C02  build 
up  or  splashes  at  the  survivors 
airways.  Several  versions  of  the 
lifejacket  are  available  -  manually 
operated  versions  for  transit  use  and 
automatically  operated  versions  for 
abandonment  at  sea. 

A  further  advantage  of  the  Integrated 
Survival  System  can  be  considered  at 
this  point.  Where  survival  suits 
are  constructed  in  flame  retardant 
materials  such  as  Nomex  III  and 


subjected  to  flame  manikin  tests  such 
as  those  carried  out  at  British 
Textile  Technology  Group  in 
combination  with  traditional 
lifejackets,  made  and  supplied  by 
other  manufacturers,  the  lifejackets 
invariably  cause  secondary  burning. 
Because  we  etre  committed  to  the 
concept  of  an  integrated  system, 
manufactured  as  a  group  of  compatible 
complimentary  components,  we  have 
allowed  for  the  total  system 
including  the  lifejacket,  to  be  flame 
retardant,  and  can  even  meet  an  Index 
A  rating  to  British  Standards  6249. 
The  Integrated  Survival  System 
recorded  no  pain  or  burn  at  1000°C 
for  a  period  of  7)^  seconds  during 
testing  at  British  Textile  Technology 
Group. 

The  final  element  of  the  Integrated 
System  is  the  Survival  Suit  itself, 
which  was  designed  in  the  light  of 
the  background  research  detailed  at 
the  beginning  of  this  paper.  The 
requirement  was  for  comfort,  mobility 
and  virtually  no  thermal  capacity  in 
air,  but  a  high  level  of  thermal 
performance  (at  least  0.7  CLO)  in 
water,  to  provide  advanced  protection 
from  hypothermia  over  extended 
periods  of  time.  To  meet  these 
conflicting  requirements  it  was 
necessary  to  design  a  variable  volume 
suit,  which  is  inflated  by  the 
wearer,  using  C0„  gas,  with  the  gas 
interlayer  expanding  in  parallel  so 
that  no  "cold  spots"  are  formed  and 
no  direct  cold  transfer  can  occur. 

CO^  gas  has  excellent  thermal 
properties  and  is  convenient  to  store 
and  to  use.  The  inflation  of  the 
suit  also  had  the  benefit  of 
maintaining  the  survivor  in  a  stable, 
horizontal  position  in  the  water, 
improving  thermal  performance  and 
minimising  the  dangers  of  hydrostatic 
squeeze.  In  fact,  the  survival 
system  when  fully  deployed  can  be 
described  as  being  like  a  "personal 
liferaft"  -  the  wearer  is  protected 
from  wind,  waves  and  the  onset  of 
hypothermia.  Furthermore,  any 
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ingr«88  of  water  will  not 
significantly  affect  the  performance 
of  the  inflated  suit  due  to  the 
waterproof  nature  of  its  inherent 
insulation. 

The  thermal  performance  graph  (Fig. 3) 
shows  the  performance  of  the  S.l.S.S. 
in  its  dual  inodes  (deflated  in  air, 
inflated  in  water)  against  that  of  an 
uninsulated  dry  suit. 


CONCLUSKW. 

The  Shark  Integrated  Survival  System 
is  probably  the  first  in-water 
personal  survival  system  to  embody 
the  concept  of  integration,  i.e. 
equipment  which  is  compatible  and 
complimentary,  designed  and 
engineered  to  maximize  the  survival 
prospects  of  the  user.  As  such  it 
comprehensively  addresses  all  of  the 
physiological  responses  experienced 
by  the  immersion  victim,  including 
"cold  shock"  and  hypothermia  and 
dramatically  enhances  his  ability  to 
escape  and  survive  an  emergency  at 
sea. 

The  concept  of  the  Integrated 
Survival  System  has  been  developed 
and  refined,  first  for  the  helicopter 
passenger,  and  secondly  for  the 
offshore  yachtsman.  The  SISSTENAIR 
version  of  the  Shark  Integrated 
Survival  System  won  two  major  awards 
during  1992,  the  IMTEC  Innovation 
Award  and  the  Silk  Cut  Nautical 
Award.  Our  Design  Team  are 
currently  working  on  an  Integrated 
Survival  System  for  Aircrew.  Flight 
Trials  on  North  Sea  Helicopters  are 
being  carried  out  and  Yachtsmen  are 
already  sailing  around  the  world 
using  the  Shark  Integrated  Survival 
System. 

NOTES. 

The  Integrated  Survival  System  has 
been  developed  as  part  of  the  Shell 
and  Esso  Exploration  and  Production 


Limited  "Survival  in  the  Sea" 
Project.  Ute  gratefully  acknowledge 
their  sponsorship  of  the  development 
work. 

The  Shark  Integrated  Survival  System 
and  Air  Pocket  are  covered  by 
Worldwide  Patents. 


Shark  Group  are  a  Civil  Aviation 
Authority  Prime  Contractor  for  Design 
and  Manufacture  and  have  C.A.A.  and 
D.O.T.  Approvals  for  their  products. 
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5VMMARY 

In  this  paper  the  rationale  for  the  provision  of  some 
form  of  helicopter  emergency  underwater  breathing 
aid  (HEUBA)  for  helicopter  passengers  and  crew  is 
briefly  discussed  and  the  thoughts  and  work  which 
resulted  in  the  production  of  a  new  aid,  ‘Air  Pocket*, 
is  reviewed. 

THE  RATIONALE  FOR  HEUBA 

There  is  still  reluctance  in  some  quarters  to  provide 
helicopter  passengers  and  crew  at  risk  of  immersion  in 
cold  water  with  some  form  of  HEUBA.  This 
reluctance  is  due  to  many  factors,  one  of  which  is  a 
lack  of  understanding  of  the  risks  to  be  faced  by  an 
iitunersion  victim.  Hypothermia  is  generally  thought  to 
be  the  major  risk  and  the  design  of  immersion  suits, 
claims  for  their  performance,  the  tests  and  standards 
used  to  evaluate  them  and  policies  for  their  use  are  all 
still  primarily  influenced  by  this  belief. 

Despite  the  vast  amount  of  attention  which  has  been 
given  to  hypothermia  and  the  efforts  which  have  been 
made  to  protect  against  it,  anecdotal,  statistical  and 
experimental  evidence''^  suggest  that  the  initial 
responses  to  cold  water  immersion  can  present  a 
significant  threat  to  life  during  the  first  minutes  of 
immersion.  These  responses  have  been  given  the 
generic  title  of  the  ‘cold  shock*  response;  they  are 
thought  to  be  initiated  by  a  sudden  fall  in  skin 
temperature  and  can  result  in  tachycardia, 
hypertension,  an  inspiratory  'gasp'  response  and 
uncontrollable  h3q)erventilation^’*’''*. 

These  responses  constitute  a  serious  threat  to 
immersion  victims,  particularly  those  with  pre-existing 
hypertension  or  heart  disease,  or  those  who  need  to 
consciously  suppress  their  breathing  following 
immersion  in  choppy  water  or  submersion  in  a  sinking 
craft.  Results*'"*  have  revealed  that  immersion  in 


water  at  a  temperature  of  between  S  and  10”C  can 
reduce  the  average  maximum  breath  hold  time  of 
nonnally  clothed  individuals  from  about  SO  seconds  in 
air  to  10  seconds  underwater,  with  some  individuals 
finding  it  impossible  to  breath  hold  at  all. 

Wearing  an  immersion  ‘dry*  suit  with  underclothing 
increases  average  maximum  underwater  breath  hold 
time  to  approximately  30  seconds  at  rest  and  17 
seconds  during  exercise.  Again,  however,  even  with 
this  level  of  protection,  the  maximum  breath  bold  time 
of  some  individuals  is  less  than  10  seconds". 

The  cold-induced  reduction  in  maximum  breath  hold 
time,  is  clearly  a  potentially  hazardous  response  for 
helicopter  passengers  and  crew.  The  likelihood  of  a 
helicopter  inverting  following  ditching  is  high;  it  has 
been  reported'^  that  in  47%  of  Royal  Navy  helicopter 
accidents  between  1972-1984,  the  helicopter  sank  or 
inverted  immediately  on  arriving  at  the  surface  of  the 
water.  Thus,  there  is  a  reasonably  high  chance  that 
the  passengers  and  crew  of  a  ditched  helicopter  will 
have  to  perform  an  underwater  escape. 

It  is  impossible  to  determine  a  single  time  required  for 
successful  underwater  escape;  the  ‘best*  estimates 
from  informed  bodies  such  as  the  military,  coastguard 
and  civilian  operators  within  the  oil  industry  suggest 
that  the  time  required  is  between  40  and  60  seconds.  It 
is  the  short-fall  between  this  time  and  that  which  can 
be  achieved  in  cold  water  by  breath  bolding  alone, 
which  forms  the  basis  of  the  rationale  for  HEUBA. 

CONSIDERATIONS  IN  THE  SELECTION  OF  AN 
HEUBA 

It  seems  likely  that  many  of  those  who  advocate  the 
use  of  commercially  available  HEUBA  have  not  folly 
considered  the  implications  associated  with  their 
introduction.  Among  the  questions  which  should  be 
considered  before  bringing  such  equipment  into  service 
are; 

1 .  Does  their  use  present  new  dangers  to  the  escapee? 
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With  regMd  to  helicopter  peaecngers  these  dangers 
might  inchide:  iacreesed  booyaacy:  snagging  hazante; 
problems  clearing  water  from  the  regulator  and 
mouthpiece;  pulmonary  over-pressure  accidents 
leading  to  gas  embolism  of  the  brain.  Current 
commercially  available  HEUBA  require  additional 
pressurised  air  to  be  breathed  beneath  the  water.  The 
uae  of  such  air  at  depth  introduces  the  possibility  of  a 
pulmonary  over-pressure  accident.  This  can  occur  if 
an  individual  inhales  firtmt  a  gas  supply  at  a  depth  as 
shallow  as  3  metres  and  then  holds  bis  breath  as  he 
rises  to  the  surface  of  the  water'*. 

2.  What  are  the  training  implications  associated  with 
the  introduction  of  such  equipment?  If  the  equipment  is 
complex,  how  long  will  it  take  to  train  individuals  in 
its  use?  What  precautions  will  need  to  be  taken  during 
training,  for  example  will  medical  attendants  and 
recompression  facilities  be  required?  These  are 
particular  problems  for  some  of  the  potential  civilian 
users  within,  for  example  the  oil  industry,  who  may 
have  large  numbers  of  passengers  to  train. 

3.  Unit  and  maintenance  costs. 

Consideration  of  such  questions  helps  in  the 
production  of  a  specification  for  the  ‘ideal*  HEUBA: 

‘a  HEUBA  should  significantly  extend  underwater 
survival  time  when  compared  with  maximum  breath 
hold  time.  It's  use  should  not  introduce  any  additional 
dangers.  It  should  be  simple  to  use,  thereby  reducing 
the  training  time  and  the  complexity  of  actions 
requited  in  the  emergency  situation*. 

AM.  ALTERNATIVE  HEVPA 

In  theory,  this  specification  can  be  met  by  a  simple 
device  comprising  a  plastic  bag  connected  to  a 
mouthpiece.  Provided  the  bag  is  empty  on  submersion 
it  will  be  impossible  for  it  to  provide  a  pressurised 
supply  of  air  when  taken  to  depth.  This  eliminates  the 
primary  cause  of  pulmonary  over-pressure  accidents. 
The  system  can  extend  underwater  survival  lime  by 
enabling  the  user  to  capture  and  rebreathe  his  exhaled 
breath  after  maximum  breath  holding. 

Such  a  system  relies  on  the  fact  that  whilst  alterations 
in  arterial  gas  concentration  can  influence  maximum 
breath  hold  time,  it  is  actually  limited  by  afferent 
information  arising  in  the  lung'*.  These  afferents, 
which  are  thought  to  arise  in  the  chest  wall'*,  can  be 
attenuated  and,  as  a  consequence,  maximum  breath 
hold  time  can  be  extended  by  various  manoeuvres 
including:  swallowing;  an  isovolumetric  movement  of 
the  rib  cage;  rebreathing'*.  With  regard  to  rebreathing, 
it  has  been  known  for  many  years'' '*  that  the  time  an 
individual  can  spend  without  fresh  sir  can  be 
signiEcantly  extended  beyond  maximum  breath  hold 


time  by  this  procedure. 

The  Robens  Institute  in  conjunction  with  a 
manufacturer  (Shark  Group  of  Companies  Ltd)  has 
been  developing  and  Insting  a  simple  HEUBA,  called 
*Air  Pocket*,  which  has  been  designed  with  the 
information  presented  above  in  mind.  In  practice, 
consideration  has  to  be  given  to:  hydrostatic 
imbalance;  breathing  resistance  and  a  method  of 
recapturing  exhaled  air,  no  matter  to  where  it  migrates 
in  the  bag  on  submersion.  Thus,  Air  Pocket  is, 
inevitably,  a  little  more  complex  than  a  plastic  bag 
connected  to  a  mouthpiece. 

EVALVAnON  9f.AiR  fOCKET 

The  development  of  *Air  Pocket*  has  included  static 
and  dynamic  unmanned  trials  using  a  head  and  torso 
breathmg  manikin'*,  and  manned  teats  in  air  and  warm 
water**.  In  these  investigations  the  concept  of 
providing  a  simple  rebreather  was  evaluated,  its  design 
and  fit  finalised  and  method  of  use  established.  T^ 
final  design  comprises;  a  12  litre  bag  with  an  internal 
system  for  ensuring  the  retrieval  of  exhaled  air, 
respiratory  tubing  and  a  mouthpiece.  The  mouthpiece 
incorporates  a  simple,  manually  operated,  valve  which 
enables  the  user  to  switch  from  breathing  ambient  air 
to  rebieatfaing. 

Tests**  have  shown  that,  with  regard  to  total  time  on 
Air  Pocket,  it  makes  no  difference  whether  users 
rebreathe  immediately  or  breath  hold  maximally  before 
rebreathing.  It  was  decided  to  advise  individuals  to 
breath  hold  before  using  Air  Pocket  as  this  would 
ensure  that  Air  Pocket  could  only  be  of  assistance; 
those  who  use  it  during  a  real  accident  would 
presumably  have  otherwise  drowned.  Experimentation 
with  the  volume  of  the  final  inhalation  before  using 
Air  Pocket  showed  that,  particularly  in  water,  a  small 
inbal^on  was  preferable  to  a  large  one  with  regard  to 
the  ease  udth  which  Air  Pocket  could  subsequently  be 
used.  At  any  lung  volume  Air  Pocket  extended  the 
time  subjects  could  spend  without  fresh  air  when 
compared  to  breath  holding. 

The  experiments  described  below  are  those  in  which 
Air  Pock^  was  evaluated  in  cold  water. 

EVALUATION  OF  AIR  POCKET  IN  COLD 

WATER 

The  experiments  were  undertaken  at  the  Royal  Navy's 
(Institute  of  Naval  Medicine)  immersion  facility,  based 
at  RN  Establishment  Seafield  Park,  Hillhead, 
Hanqishire,  UK. 
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BifkikMittyadM  volmitaMMi  to  «ci  as  aiit^ls  for 
tka  wywifU.  Eack  gava  kis  writtaa  inforaaed 
eoaaaat  to  participata  ia  the  preaaoce  of  aa 
iadapaadaat  wilaea.  Tka  protocol  for  dw  eaperiawnta 
kad  kaaa  pravioatly  approved  by  tka  atkical 
coaiaittaas  of  botk  tka  Royal  Navy  aad  Surrey 
Uaivanily. 

Aa  ladapaadeat  Medical  Officer  parfonaed  owdical 
axaauaatioos  oa  tka  voluataan  aad  was  ia  attaadaaca 
dttfiag  all  of  tka  aapariamts.  Duriag  tka  nbaienioos 
the  subjacta  wara  clotaly  atteadad  by  two  aafaty 
swiauaaia. 

Eauerimeat  1- 

Each  subjact  uadartook  two  upright,  taated 
subaiersiaaK  tka  first  iato  stinad  water  at  7S.6*C  (SD 
1 .5)  aad  the  sacoad  iato  stirred  water  at  9.9*C  (SD 
0.3)  The  colder  water  tamperatura  was  chosea  to 
wproaeat  the  avataga  teaiparatuia  of  the  water  arouad 
the  UK. 

For  each  asperimaat  the  subjects  wara  dressed  ia 
tbarnuil  uadarwear,  woollea  socks,  woollen  polo¬ 
necked  pullover  and  an  appropriately  sized  immersion 
’dry*  suit  (Shell  Integrate  Survival  System  (SISS]), 
iato  which  Air  Pocket  had  been  configured.  During  all 
immersion  work  the  SISS  was  worn  fully  donned  • 
hood  up,  wrist  seals  and  zip  secured.  A  naae<lip  was 
worn  throughout  each  submersion,  goggles  were  not 
provided. 

Before  their  first  submersion  in  warm  water,  each  of 
the  subjects  spent  some  time  in  air  and  water  being 
trained  in  the  use  of  Air  Pocket,  and  being  fomiliarised 
with  the  experimental  procedure.  As  part  of  the 
training,  the  subjects  were  instructed  to  take  a  slightly 
larger  thrm  nornuil  breath  in  before  activating  the 
mouthpiece  mechanism  which  switched  them  from 
breathing  ambient  air  to  rebreathing  from  the 
otherwise  empty  Air  Pocket.  This  valve  was  activated 
by  pulling  a  small  *0*  ring  located  on  the  mouthpiece 
assembly.  The  subjects  did  this  just  before  their 
airways  were  submerged.  They  were  also  told  to 
perform  a  maximum  breath  hold  before  using  Air 
Pocket. 

Only  one  subject  was  immersed  at  a  time.  Both  the 
warm  and  cold  water  experiments  began  with  the 
subjects  sitting  in  air  over  the  water.  When  they 
indicated  that  they  were  ready,  the  chair  was  lowered 
at  0.2  m.s*'  using  an  electric  winch,  until  they  were 
just  totally  submerged.  The  subjects  assumed  a 
standardised  posture  during  the  immersions:  they  held 
the  latch  of  the  seat  belt  which  secured  them  to  the 
chair  with  their  right  hand  and  the  base  of  the  chair. 


between  their  lags,  with  their  left  hand. 

The  subjects  attempted  to  remau  seated  beneath  the 
surface  of  the  water  for  a  maxiaaum  of  70  seconda; 
this  time  was  fixed  as  the  etkicai  withdrawal  criterioa 
on  the  basis  of  the  results  obtained  duriag  earlier 
phaaes  of  the  project  ia  which  carboa  dioxide  aad 
oxygaa  coaceatratioas  withia  Air  Pocket  were 
recorded  duriag  rebreathiag  at  rest  ia  air*.  The 
subjects  could  abort  the  experiasent  at  any  tinm  by 
either:  raising  a  hand  -  on  this  signal  the  chair  on 
which  they  were  sitting  was  winched  out  of  the  water; 
or  by  releasing  the  seat  belt  and  standing  iq>. 

Duriag  the  submersions  the  subjects  indicated  when 
they  took  their  first  breath  in  after  maximum  breath 
bolding  by  raising  their  right  arm. 

Experiment  2:  simple  8iim»i«»«t 

The  same  eight  subjects  undertook  two  further 
submersions:  the  first  into  stirred  water  at  22.3*C  (SD 
0.2)  and  the  second  into  stirred  water  at  10. 1*C  (SD 
0.2).  For  each  experiment  the  sulyecis  were  dressed  as 
described  above.  As  the  subjects  had  completed 
Experiment  I,  no  familiarisation  runs  were  permitted 
before  the  present  experiments.  As  with  Experiment  I 
however  the  subjects  undertook  the  warm  water 
immersion  first. 

Only  one  subject  was  immersed  at  a  time.  Both  the 
warm  and  cold  water  experiments  began  with  the 
subjects  sitting  in  air  over  the  water.  When  the 
subjects  were  ready  they  took  a  slightly  larger  than 
normal  breath  in  and  activated  the  mouthpiece  valve 
which  switched  them  from  breathing  ambient  air  to 
rebreathing  from  the  otherwise  empty  Air  Pocket. 
Activating  the  valve  was  the  signal  for  the  safety 
swimmers  to  rotate  the  chair  on  which  the  subjects 
were  sitting  by  180  degrees.  This  resulted  in  the 
subjects  ’rolling’  into  the  water  to  an  inverted 
position.  Whilst  on  the  chair  the  subjects  assumed  the 
same  standardised  posture  described  for  Experiment  1 . 

Immediately  after  reaching  the  inverted  position  the 
subjects  were  required  to  locate  a  ladder  which  was 
fixed  to  the  floor  of  the  pool.  When  they  had  a  firm 
grip  on  the  ladder  they  released  the  latch  of  their  seat 
belt  and  began  to  move,  hand  over  hand,  back  and 
forth  along  the  ladder  at  a  steady  and  continuous  rate 
(a  minimum  of  4  traverses)  for  as  long  as  they  could. 

The  ladder  along  which  the  subjects  exercised  was  3 
metres  long,  it  was  marked  by  luminescent  paint  and 
helicopter  underwater  emergency  lighting,  and  fixed 
at  a  depth  of  1 .5  metr  .  This  depth  was  based  on  an 
analysis  of  the  dep.h  required  to  perform  an 
underwater  escape  from  an  inverted,  floating 
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haiicoptor. 

Th«  BHUiiBua  tiae  siibjecU  were  allowed  to  apead 
uadarwatar  diiriap  Ihaae  axpwiaMats  waa  tea  aaconds 
ilrartar  at  60  aacoada;  thia  Uaw  waa  datenaiaed  from 
Ika  (iadiafa  <rf  earliar  eaperiiaaau  ia  whkli  the  caitioa 
dioaida  and  oxygea  cooceatntioaa  wiihia  Air  Pocket 
wen  owaaand  during  lebrealhing  whilat  exncising  in 
ail*.  Tlw  aut^ects  could  abort  the  experimenta  at  any 
tima  by  etiher:  raiaing  a  hand  when  aeated  on  the  chair 
-  on  thia  aignal  the  chair  waa  returned  to  the  upright 
poaitioa;  or  by  letting  go  of  the  ladder  and  standing 
up. 

As  with  Experiment  1,  subjects  wen  instructed  to  hold 
their  bmth  for  as  long  as  possible  befon  using  Air 
Pocket.  The  subjects  indicated  when  they  took  their 
first  breath  in  after  maximum  breath  holding  by  raising 
their  right  arm. 

Experimental  measures 

All  submersions  were  recorded  on  an  underwater 
video  from  which  maximum  breath  hold  time  was 
obtained  from  the  indication  given  by  the  subjects. 
This  time  was  substantiated  by  the  observations  made 
by  the  safety  swimmers.  Tunings  were  all  recorded  on 
a  custom  made  split  timer  unit.  Total  underwater  time 
was  taken  from  when  the  mouth  was  submerged  to 
when  it  re-appeared  above  the  surface  of  the  water. 

3-lead  electrocardiography  was  undertaken  by 
telemetry  during  each  submersion  as  part  of  the 
medical  cover  given  to  the  subjects. 

RKVLT? 

Experiment  1 

During  the  experiments  in  warm  water  four  of  the 
eight  subjects  managed  to  hold  their  breath  for  the  70 
seconds  of  the  experiment,  they  did  not  therefore  use 
Air  Pocket.  However,  the  other  four  subjects,  even  in 
warm  water,  needed  to  use  Air  Pocket  in  order  to 
remain  submerged  for  70  seconds. 

In  cold  water.  Air  Pocket  was  used  by  all  of  the 
subjects  and  significantly  extended  the  time  they  were 
able  to  remain  submerged.  Indeed,  7  of  the  8  subjects 
reached  the  withdrawal  criterion  of  70  seconds  by 
using  Air  Pocket;  included  amongst  these  subjects  was 
one  whose  maximum  breath  hold  time  had  only  been 
6. 1  seconds  (No.  7).  The  maximum  breath  hold  time 
(BHTmax),  the  time  spent  rebreathing  with  Air 
Pocket  (rebreathe  time,  RBT)  and  the  total  time  each 
subject  spent  underwater  are  presented  in  Figure  1 . 
The  total  time  spent  underwater  is  represented  by  the 
sum  of  BHTmax  and  RBT. 
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In  warm  water,  all  of  the  subjects  managed  to  remain 
submerged  for  the  maximum  permitted  time  of  60 
aeconds  elthough  ell  had  to  use  Air  Pocket  in  order  to 
do  ao. 

In  cold  water.  Air  Pocket  was  used  by  all  of  the 
sul^ects  and  significantly  extended  the  time  they  were 
able  to  rmnain  submerged.  Indeed,  S  of  the  8  mfejects 
reached  the  withdrawal  criterion  of  60  seconds; 
included  amongst  these  was  one  subject  whose 
BHTmax  was  only  9.2  seconds  (No.  7).  The  BHTmax, 
RBT  and  total  lime  each  subject  spent  underwater  are 
presented  in  Figure  2. 

EVALUATION _ PVRUjg _ SIMVLATEP 

HEUCOPTER  ESOPE 

In  a  subsequent  set  of  experiments  the  performance  of 
Air  Pocket  was  evaluated  during  much  more  realistic 
helicopter  underwater  escapes.  These  experiments 
were  undertaken  at  Survival  Systems  Lid,  Dartmouth, 
Nova  Scotia,  Canada,  in  their  Modular  Egress 
Training  Simulator  (METS).  The  aim  of  the 
experiments  was  to  assess  whether  the  use  of  Air 
Pocket  introduced  any  problems  associated  with 
manoeuvrability.  No  such  problems  were  identified^'. 

DISCUSSION 

The  average  BHTmax  of  subjects  during  the  cold 
water  immersions  of  Experiment  I  was  30.4  seconds, 
this  figure  agrees  well  with  those  which  have  been 
reported  previously  for  subjects  performing 
submersions  in  cold  water  whilst  wearing  immersion 
’dry*  suits*’'".  The  average  BHTmax  of  subjects 
during  simulated  simple  helicopter  underwater  escape 
in  cold  water  (Experiment  2)  was  just  17.2  seconds. 
The  variation  between  the  BHTmax  of  individuals  was 
also  much  less  than  that  seen  during  the  resting 
submersions  in  cold  water.  It  is  clear  therefore,  that 
exercise  acted  as  a  factor  in  the  determination  of 
BHTmax  in  the  present  investigation.  However,  as 
indicated  by  the  shorter  BHTmax  in  the  cold  compared 
to  warm  water  immersions,  cold  remained  a  factor. 

The  average  BHTmax  of  17.2  seconds  has  important 
implications  for  those  determining  the  survival 
equipment  necessary  for  individuals  at  risk  of  forced 
submersion  in  cold  water,  and  provides  further 
evidence  for  the  requirement  for  some  form  of 
HEUBA  for  helicopter  passengers  and  crew. 

It  is  clear  from  the  results  that  Air  Pocket  significantly 
extended  the  time  all  of  the  subjects  could  spend  under 
cold  water  when  compared  to  their  BHTmax.  It  is  not 
possible  to  Calculate  the  exact  extent  of  the 
improvement  in  underwater  survival  time  provided  by 
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Air  Pockat  ia  ttw  piaael  expariimiU,  ••  the  nxyority 
of  Mit>|«cts  raoclMd  the  wilMrewel  criteria  and  were 
removed  from  the  water  whilat  dill  rabreathing.  In  the 
subjectx  whose  maximum  time  underwater  was 
recorded  (Experiment  2.  Nos.  2,  6,  7),  comparison 
with  thm  BOTmax  shows  that  the  ability  to  lebraalhe 
using  Air  Pocket  after  a  maximum  breath  hold, 
extended  the  average  time  spent  underwater  by  a  hctor 
of  approximately  2.S.  This  figure  is  comparable  to 
those  reported  from  previous  work  in  which 
rebreathing  times  have  been  compared  with  maximum 
breath  hold  times'*^. 

In  figure  3  the  percentage  of  subjects  able  to  remain 
submerged  for  any  given  time  when  breath  holding  or 
using  All'  Pocket  is  presented.  This  figure  is  baaed  on 
the  findings  of  Experiment  2.  It  should  be  noted,  that 
although  the  withdrawal  criterion  used  in  this 
experiment  (60  s)  had  no  consequences  for  the 
BHTmax  of  individuals,  all  of  which  were  shorter  than 
the  criterion,  it  did  prevent  Air  Pocket  demonstrating 
its  full  potential  as  subjects  were  removed  from  the 
water  whilst  still  rebreathing. 

Whilst  figure  3  should  not  be  regarded  as  definitive  or 
predictive,  it  does  provide  a  useful  indication  of  the 
relative  benefit  to  be  gained  by  the  provision  of  Air 
Pocket.  Most  notably,  in  the  conditions  of  Experiment 
2,  none  of  the  subjects  would  have  survived  30 
seconds  by  breath  holding  alone  but  all  would  have 
survived  with  the  use  of  Air  Pocket.  Figure  3  further 
shows  that  for  100%  of  subjects  to  make  a  successful 
simple  simulated  helicopter  underwater  escape  in  10*C 
water,  some  would  have  to  have  reached  the  surface 
within  approximately  10  seconds  if  breath  holding. 
The  corresponding  time  for  the  same  subjects  using 
Air  Pocket  is  approximately  35  seconds. 

With  regard  to  the  problems  experienced  whilst  using 
Air  Pocket,  one  subject  had  a  difficult  transition  from 
breath  holding  to  using  Air  Pocket.  This  was  due  to 
the  fact  that  he  had  over-extended  himself  by  breath 
holding  to  his  absolute  limit  -  this  problem  could  be 
removed  by  instructing  individuals  not  to  over-extend 
themselves  when  breath  holding. 

Two  subjects  complained  that  they  emptied  Air  Pocket 
on  inspiration  towards  the  end  of  their  submersions. 
This  was  coupled  with  the  gradual  build-up  of  a 
sensation  of  breathlessness.  This  latter  response  is 
regarded  as  being  of  benefit,  in  that  it  gives  some 
indication  that  useful  time  on  Air  Pocket  is  ending. 
The  emptying  of  Air  Pocket  on  inspiration  was 
probably  due  to  a  combination  of  three  factors:  i.  The 
subject  did  not  take  a  large  enough  breath  in  just  prior 
to  submersion,  ii.  As  individuals  run  short  of  oxygen 
an  inspiratory  shift  in  end-expiratory  lung  volume 
occurs.  This  is  one  of  the  responses  to  immersion  in 
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cold  waier*^  and  was  observed  during  the  Air  Pocket 
trials  in  air*,  iii.  In  some  orientations,  it  is  possible 
for  Air  Pocket  to  be  si  a  slightly  greater  pressure 
(depth)  than  lung  centroid  pressure,  this  results  in 
positive  pressure  breathing.  If  the  user  does  not 
increase  expiratory  effort  slightly  to  compensate  for 
the  small  imbalance,  then  it  is  possible  for  inspiration 
to  exceed  expiration  and,  over  several  respiratory 
cycles,  for  Air  Pocket  to  gradually  empty  and  the  lung 
to  shift  to  a  higher  ead-expiralory  volume. 

None  of  these  factors  present  insurmountable 
problems;  they  can  be  minimised  by  correct  training 
and  by  ensuring  that  Air  Pocket  is  only  used  as  part  of 
an  integrated  survival  system,  included  ia  which 
should  be  a  good  quality  ’dry*  immersion  suit.  This 
will  reduce  the  demands  placed  on  Air  Pocket  and 
attenuate  the  cold-induced  inspiratory  shift  in  lung 
volume. 

CONCLUSIONS  &  RECOMMENDATIONS 

It  is  concluded  that  some  form  of  HEUBA  should  be 
provided  for  helicopter  passengers  and  crew  at  risk  of 
accidental  immersion  in  cold  water.  Where  there  are 
concerns  associated  with  training  requirements,  cost 
and  the  introduction  of  additional  potential  dangers,  a 
simple  HEUBA.  Air  Pocket,  exists  which  can 
significantly  extend  the  underwater  survival  time  of 
individuals  when  compared  with  maximum  breath 
holding. 

It  would  be  totally  incorrect,  not  to  say  hazardous,  for 
it  to  be  assumed  that  the  performance  achieved  by  Air 
Pocket  in  the  experiments  described  above  would  be 
repeated  if  it  were  used  in  different  circumstances.  It 
is  therefore  recommended  that  Air  Pocket  only  be 
worn  with  a  good  quality  immersion  suit. 

It  is  critical  that  the  different  pieces  of  protective 
equipment  provided  for  individuals  at  risk  of 
accidental  immersion  in  cold  water,  such  as  an 
immersion  suit,  lifejacket  and  HEUBA  should  be 
compatible  and  complementary.  That  is,  they  should 
be  tested  and  shown  to  constitute  an  'integrated 
survival  system’*,  the  different  components  of  which 
may  also  be  interdependent.  This  is  particularly  the 
case  with  a  HEUBA,  where  the  demands  made  of  it 
will  be  directly  related  to  the  performance  of  the 
immersion  suit  with  which  it  is  worn. 

Work  is  underway  to  develop  an  enclosed  respiratory 
system,  based  on  Air  Pocket,  in  which  exhaled  air  will 
react  with  a  suitable  chemical  substrate  to  liberate 
oxygen  whilst  removing  carbon  dioxide  and  water 
vapour. 
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SWIART 

Th«nK>r«gulation  is  noraally  viewad  as  the 
physiological  rasponsss  aiaad  towards 

tha  daap  body  tasparatura  constant 
and  high.  For  this  work  this  viawpoint  is 
c^ngad,  and  tha  huoun  tharaoragulation  is 
viawad  as  thosa  physiological  sachanisns 
that  kaap  tha  body  at  an  optinal  functional 
stata.  Hara,  tha  axtraaitias  and  thair 
tharsal  stata  is  of  tha  highast  isportanca. 
In  tha  axtrasuties ,  tha  artariovanous 
anastoaosas  (AVAs)  datarsdna  tha  local 
tasparaturas ,  and  by  thair  action  also 
dafina  tha  tharaoragulatory  stata  of  the 
body.  The  AVAs  are  centrally  regulated,  they 
datarsdna  tha  heat  exchange  with  tha 
environmnt,  they  are  the  stain  determinants 
of  the  average  skin  temperature.  By 
following  thair  reactions,  man's 
thermoregulatory  state  can  be  ascertained. 

In  tha  treatannt  of  as  wall  hypo-  as 
hypsrthanaia,  these  functions  are  highly 
relevant.  Tha  role  of  tha  AVAs  place  them  as 
a  specific  thanaoragulatory  organ 
responsible  for  tha  sulntenanca  of  optimal 
extraadty  temperatures. 


OPTIIIAL  FUMCTIOHUIG  IN  COLD 

For  any  work  in  a  cold  climate,  in  the 
survival  situation,  uintananca  of  a  high 
degree  of  manual  dexterity  is  a  must.  When 
threatened  by  cold,  tha  cooling  of  hands  and 
feet  sets  the  limit  for  husmn  endurance. 

Whan  hands  (and  feet)  are  bitterly  cold  the 
lusits  are  reached,  and  if  no  rawarming  is 
possible  cold  injury  will  result.  In  a 
survival  situation  life  is  thraatanad. 

Manual  dexterity  shows  a  linear  decrease 
with  falling  tissue  temperatures.  At  a 
tissue  temperature  around  20  dg.C  nervous 
conduction  velocity  is  halved,  neuromuscular 
transmission  is  prolonged.  At  a  local 
temoaratura  around  7  dq.c  the  peripheral 
motor  and  sensory  nerves  are  blocked  ( i ) . 
Joints  and  muscles  tend  to  be  stiff. 

^timal  physiol^ical  functioning  thus 
dapanu  on  keeping  tha  local  temperatures  in 
the  e^remitias  high.  For  most  warm-blooded 
animals  this  means  a  local  tesmeratura 
around  35-38  dg.c.  Tha  author  has  measured 
eMremity  temperatures  in  tha  polar  boar, 
the  arctic  fox,  tha  hara,  tha  musk  ox  and 
^o  common  graonlandic  sladgadog.  All  these 
toctic  animals  have  very  high  extremity 
temperatures,  even  at  extremely  low 
environmental  temperatures,  in  sledge  dogs 
sleeping  at  -40  dg.c,  the  temperatures  of 


the  paws,  measured  between  the  pads,  were 
above  35  dg.c.  This  of  cause  is  obvious.  In 
nature,  survival  of  the  predator  as  well  as 
its  prey  is  dependant  on  their  ability  to 
laove  fast  and  efficiently,  i.e.  to  maintain 
high  extremity  teaiperatures .  In  litterature, 
a  counter-current  heat  exchange  between 
arteries  and  veins  of  a  cold  exposed 
extremity  has  been  proposed  ( 2 )  as  a  means 
of  diminishing  total  heat  loss  to  the 
environment.  The  author's  studies  do  not 
confirm  this  theory,  which  would  mean  that 
the  extremity  temperatures  of  a  cold  exposed 
animal  should  be  low. 

To  maintain  manual  dexterity  the  temperature 
of  the  hand  and  fingers  should  not  fall  far 
below  IS  degrees.  But  it  should  not  be 
forgotten,  that  the  main  muscles  of  the  hand 
and  their  proprioceptors  are  placed  up  along 
the  forearm,  where  the  temperatures  normally 
will  be  much  higher  due  to  the  insulation  of 
clothing.  Thus  in  a  survival  situation  man 
will  be  able  to  work  even  with  hands  and 
fingers  close  to  freezing  point. 

In  man,  the  local  temperatures  in  arms  and 
legs  may  fall  to  such  low  levels  that 
complete  physical  impairment  is  the  result. 
This  way  occur  in  a  situation  where  the  deep 
body  temperature  might  still  be  high,  and 
hypothermia  only  slight.  In  the  wet-cold 
situation,  as  is  very  often  the  case  in  the 
wet  Arctic  summer,  this  may  lead  to  the 
feared  wet-cold  syndrome,  cold  exhaustion 
(1).  In  many  of  these  cases,  the  subject  may 
reason  and  talk  to  his  followers  even  at  a 
time,  when  he  is  physically  helpless. 


LOCAL  THERMORKGULATION  IN  BAUDS  (AMD  FEET) 

The  local  temperatures  in  hands  (and  feet) 
are  determined  by  the  balance  between  heat 
produced  or  brought  with  the  blood  to  the 
part  and  heat  lost  to  the  environment.  Hands 
and  feet  follow  in  all  reactions  each  other 
very  closely,  so  further  on,  only  hands  will 
be  mentioned,  although  the  same  reactions 
also  occur  in  the  feet. 

In  the  hands,  local  heat  production  is  only 
of  minor  importance,  heat  is  almost 
exclusively  brought  to  the  hand  and  its 
fingers  with  the  arterial  blood,  in  man's 
reactions  to  cold,  changes  in  local  blood 
flow  thus  determine  his  possibilities  for 
optimal  functioning. 

When  man  is  warm,  i.e.  when  his  deep  body 
temperature  is  normal  or  above  normal,  his 
blood  flow  to  the  hands  will  be  large.  In 
this  situation,  the  hands  are  almost  the 
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vazaMt  azM*  of  tho  skin  surfaca.  Tba  veins 
on  the  back  of  the  hand  are  sean  as  filled 
with  blood,  and  the  fingertips  will 
typically  be  the  warasat  part  of  the 
extreaity.  These  wara  hands  are  typical  of 
the  hard-working  aan,  even  at  very  low 
environaental  teaperatures .  He  night 
maintain  full  dexterity  and  will  be  able  to 
perfora  even  very  delicate  jobs,  if  the  skin 
is  protected  against  sticking  to  cold 
surfaces. 

In  cold  nan,  i.e.  whan  the  deep  body 
temperature  is  below  noraal,  even  in  a 
situation  where  visible  shivering  night  not 
bo  present,  the  hands  will  exhibit  falling 
teaperatures.  if  the  hands  are  well 
insulated,  this  fall  in  tesperature  aay  be 
slow,  but  it  is  inevitable,  and  the  local 
teaperature  will  eventually  reach  that  of 
the  environment.  In  the  extresM  cold 
environment,  cold  injuries  will  occur. 

Moraally,  nan  will  be  aware  of  this  cooling 
when  the  local  skin  teaperature  of  the  hand 
falls  below  is  dg.c.  But  it  should  not  be 
forgotten,  that  there  is  a  coaplete  sensory 
loss  at  >7  dg.c,  and  thus  even  a  deep 
frostbite  nay  not  be  recognized  by  the 
victim.  The  last  sensation  he  had  was  -  that 
he  did  not  feel  anything*.  Only  the  loss  of 
function  indicates  the  severity  of  the 
situation. 

Even  in  extreme  cold,  man  will  tend  to  keep 
his  hands  passively  warm  by  sticking  them  in 
his  pockets,  where  they  will  be  kept  at  a 
relatively  high  temperature.  In  many  work 
situations  in  cold,  this  kind  of  passive 
heating  of  the  hands  is  the  only  practical 
way  of  maintaining  sufficient  function.  This 
is  especially  the  case  in  situations  where 
the  total  physical  workload  is  low,  and 
where  metabolic  heat  production  is  low.  In 
such  situations,  the  only  possible  solution 
is  to  create  a  mini  work-environment  by  the 
use  of  air  heaters  etc,  where  hands,  tools 
and  part  worked  upon  are  kept  warm. 

In  this  situation  the  limiting  factor  may  be 
the  amount  of  cold  shivering  and  not  local 
skin  temperature. 


THE  ROLE  OF  THE  ARTERIOVENOUS  ANASTOHinflBS 

When  the  fingers  are  the  warmest  part  of  the 
hand  in  a  warm,  albeit  cold  exposed  person, 
and  the  fingertips  are  warmest,  although  the 
volume  to  surface  ratio  would  suggest  a  very 
high  heat  loss  to  the  environment,  this 
calls  for  a  special  vascular  arrangement  in 
the  hands  (and  feet).  In  the  extremities  of 
all  warm-blooded  animals,  including  man, 
arteriovenous  anastomoses  (AVAs)  are  found 
in  the  most  distal  parts  of  the  extremities. 

The  arteriovenous  anastomoses  are  small 
vascular  vessels  with  a  size  closely 
resembling  that  of  the  smaller  arterioles, 
with  an  inner  diameter  of  20-100  microns. 
They  have  a  thick  muscular  wall,  with  some 
specific  cells  (Hoyer  cells)  only  found  in 
the  AVAs.  Due  to  their  histological 
structure,  the  AVAs  presumably  act  as  on-off 
vessels.  Either  are  they  open,  or  they  are 
closed.  This  can  be  demonstrated  in  the 
rabbit  ear,  where  the  AVA  function  can  be 
directly  followed.  As  anastomoses,  they 
connect  the  smaller  arteries  with  the  veins, 
thus  bypassing  the  nutritive  vascular  bed 
with  its  arterioles,  capillaries  and  venoles 
( 3 ) .  The  AVAs  are  abundant  in  the  finger 
tips,  and  under  the  nail  bed.  Their  number 


decreases  proximally  along  tho  finger,  where 
they  are  all  situated  on  the  volar  side. 
Smaller  groups  are  found  in  the  skin  above 
the  thenar  and  hypothenar  muscle  groups  in 
the  palm  of  the  hands.  Proximally  to  the 
wrist  there  are  no  AVAs.  In  the  feet,  their 
distribution  is  analogue  to  that  found  in 
the  hands  ( 4 ) . 

The  AVAs  drain  almost  exclusively  to  the 
superficial  veins  of  the  fingers,  the  dorsum 
of  the  hand,  and  the  superficial  venous  rete 
of  the  forearm.  At  the  level  of  the  elbow, 
this  rets  drains  centrally  to  the  brachial 
venous  system,  whereas  the  nutritional 
vascular  system  drains  to  the  deeper  veins 
of  the  hands  and  forearm.  As  the  AVAs  when 
open,  convey  about  90%  of  the  total  blood 
supply  to  the  hand,  and  the  nutritive  blood 
conveys  only  about  10%,  it  is  reasonable  to 
divide  the  vascular  arrangements  of  the 
hands  into  a  thermoregulatory  and  a 
nutritive  component.  The  blood  flow  through 
the  AVAS  is  responsible  for  the  gross  heat 
influx  to  the  fingers  and  hand. 

In  cold  man,  where  the  AVAs  are  closed,  and 
only  the  nutritive  flow  is  supplying  the 
tissues,  this  supply  is  not  able  to  convey 
any  heat  to  the  hand.  It  has  been  shown  (1), 
how  the  local  hand  temperatures  of  a  cold 
man  will  fall  at  the  same  rate  as  that  seen 
in  a  person  at  the  same  environmental 
conditions,  but  with  a  tourniquet  around  the 
upper  arm. 

If  there  is  a  counter-current  heat  exchange 
in  cold  man,  it  is  based  upon  the  blood  flow 
through  the  nutritive  vessels  of  the 
extremity. 

In  warm  man,  the  superficial  venous  rete  up 
along  the  forearm  acts  as  a  "heating  glove", 
not  only  giving  off  heat  to  the  environment, 
but  also  heating  the  underlying  musc.les, 
nerves,  joints  etc. 
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Th«  v««cul«r  arraogwMt  Id  th«  llogvrtlpr 
«h«r«  blood  is  distributod  to  tho  thonoro- 
galstery  vosculor  bod,  droAnin^  to  tho 
dorsol  suportlciol  voids,  ond  tho  nutritivo 
voscttloc  bod,  drolDinq  to  tho  doop  volas(S) 


REGHIATION  OF  AVA  FUMCTIOM 

AVAs  in  hands  and  feet  operate 
synchronously.  In  warm  man  they  are  open, 
although  the  blood  flow  may  change  from 
moment  to  moment,  correlated  to  changes  in 
the  total  sympathetic  outflow.  In  the  cold 
person  the  AVAs  ace  closed,  and  remain 
closed  until  the  central  body  temperature 
has  risen  to  the  normal  level.  If  the 
concept  of  a  "set-point"  teiq>erature  is 
used,  "set-point  temperature"  then 
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r^ptwnf  that  tharaal  condition  ot  thn 
thnraorngulatory  cratra  whara  no  ragulatory 
raactiona  ata  alicitad,  tha  AVAa  ata  opan 
whan  cantral  tw^aratura  ia  higbar  than  tha 
sat -point,  and  tha  AVAb  ara  cloaad  tdian  tha 
cantral  taaparatura  drops  balow  tha  aat- 
point. 

In  contrast  with  tha  aora  gansrally  accaptad 
tharaoragulatory  nodals,  this  nodal 
involving  AVA  function  is  nora  sinpla,  as  it 
oparataa  aftar  an  on-off  principla,  AVAs 
opan  or  closed. 


closing).  In  tha  anpariaant,  thara  saaaa  to 
ba  a  zona  of  around  2-3  tanths  of  a  dg.C 
batwaan  cantral  (  >  "sat  point  taaparatura* ) 
closing  and  opaning  taaparatura.  This  could 
bo  coaparad  to  tha  ‘vasoantor 
tharaoragulatory  zona*,  but  it  could  also 
just  ba  a  hystarasia  dua  to  tha  aapariaontal 
sat-up. 

In  tha  Sana  oxpariaant,  swaating  was 
naasurad,  and  tha  swaating  pattarn  anasurad 
ovar  tha  trunk  and  on  tha  thigh  followad  tha 
AVA  function  closaly,  was  initiatod  at  tha 
saaa  oasophagaal  taivaratura  (sat-point), 
and  casaatad,  whan  tha  AVAs  closed. 

The  enperiaant  shows  tha  cantral  ragulation 
of  tha  AVA  flow  in  the  axtroaitias.  It 
diawinstratas  tha  all  or  nona  roaction  of  tha 
AVAs.  It  danonstratas  how  AVA  function  and 
swaating  ara  couplad,  both  raactiona 
alicitad  at  tha  sens  deap-body  toaparaturas . 
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In  the  shown  experiment,  th  function  is 
demonstrated.  A  naked  person  in  a  climatic 
chamber  is  exposed  to  an  environmental 
temperature  of  I8  dg.C.  Finger  temperatures 
are  measured  to  represent  the  AVA  blood 
flow.  Central  temperature  is  measured  in  the 
oesophagus.  As  the  person  cools  down,  the 
AVAs  close,  the  central  temperature  is 
lowered,  the  hand  temperature  falls 
steadily.  As  the  finger  temperature  falls 
below  25  dg.C,  the  person  b^ins  a  moderate 
work  on  a  bicycle  for  10  minutes.  This  work 
produces  heat,  and  the  central  temperature 
rises.  At  a  point,  the  finger  temperature 
suddenly  rises,  but  as  the  work  stops,  the 
central  temperature  levels  off,  and  starts 
to  fall.  This  fall  in  central  body 
temperature  is  then  followed  by  a  sudden 
fall  in  finger  teoqperature  (the  AVAs  close), 
and  the  cycle  is  repeated.  Parallel 
temperature  changes  are  measured  in  the 
other  extremities.  At  the  end  of  the 
experiment,  a  tourniquet  arresting  the  blood 
flow  to  the  hand  is  established,  to 
demonstrate  that  the  fall  in  finger 
temperature  in  fact  is  caused  by  a  very 
drastic  reduction  in  blood  flow  (AVA 


In  many  textbooks,  the  physical  vasomotor 
part  of  temperature  regulation  is  often 
described  as  if  the  blood  flow  to  the  skin 
determined  the  heat  loss  from  tha  body  to 
the  surroundings  by  increasing  or  decreasing 
the  insulation  of  the  skin.  DuBols  (6) 
demonstrated  representative  skin 
temperatures  of  nude  resting  nan  in  still 
air  at  different  temperatures.  The  curves 
showed  that  in  a  cold  environment  all  skin 
temperatures  fell.  Prom  weighting  the 
different  areas  ha  proposed  the  concept  of 
the  average  weighted  skin  tei^rature.  But  a 
closer  stmty  of  his  curves  shows  that  this 
average  skin  temperature  was  most  Influenced 
by  the  temperatures  in  hands  and  feet. 

DuBols  noticed  this,  and  stated  that  in 
hands  and  feet,  he  chose  the  resulting 
temperature  after  2  hours,  as  equilibrium 
never  was  reached,  it  seesm  fair  to  conclude 
that  those  skin  areas  whose  temperatures  are 
directly  related  to  the  AVA  function  play  a 
specific  role. 

To  this  comes  the  common  observation,  that 
tha  surface  temperature  of  the  skin  over  the 
trunk  of  the  bo^  falls  with  increasing 
skin-fold  thickness.  The  skin  over  the  trunk 
seems  to  reflect  the  insulatlve  properties 
of  the  underlying  tissues,  the  subcutaneous 
layer  of  fat.  Another  coannn  observation 
further  indicates,  that  the  skin  of  the 
areas  not  influenced  by  AVA  function  acts 
passively  and  without  signs  of  any  active 
thermoregulatory  changes  of  insulation.  When 
naked  man  is  exposed  to  different  cold 
environments,  one  would  expect  a  kind  of 
proportional  increase  in  Insulation,  but 
this  is  not  reflected  in  the  skin 
tmi^ratures,  where  a  near  linear 
relationship  is  seen  between  skin-  and 
environmental  temperature. 

In  the  skin  outside  the  AVA  temperature 
dependant  areas,  blood-flow  will  vary  with 
cooling  of  the  skin.  But  here,  there  is  the 
possibility  of  an  effective  counter-curent 
heat  exchange  between  arterial  and  venous 
blood,  where  the  temperature  of  the  blood 
tends  to  follow  the  thermal  gradlant  of  the 
tissue. 

The  AVA  thus  seem  solely  responsible  for 
those  thermoregulatory  changes  that  are  due 
to  changes  in  skin  blood-flow.  Their  role  is 
further  enhanced  by  the  coupling  between  AVA 
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opMiiiig  and  onaat  ot  mMtii>g> 

Tba  AVta  aawrt  tliair  aflact  not  only  in  tHa 
ralativaly  aanll  skin  nrMin  covarlng  tha 
undar lying  anaataaoaas,  tiut  via  tha  nucb 
lacgar  akia  araa  of  tha  foraaiaa  and  calvas 
of  tha  laga,  wbara  tha  aubcutanaoua  vains 
drain  tha  distally  situatad  anaatoaosas.  in 
a  thaxaograa  of  tha  foraaxa  of  a  aam 
parson,  tha  sutocutanaous  vains  show  up  auch 
watnar  than  tha  surrounding  skin, 
daaonstrating  how  thay  convay  warn  artarial 
blood.  Tha  blood  in  a  warm  parson's  vains  is 
100%  oxyganatad,  daaonstrating  its  artarial 
origin  (7). 

The  author  proposes,  that  tha  AVA  systea  can 
ba  regarded  as  a  specific  thermoregulatory 
organ  situated  in  tha  distal  parts  of  the 
extraaities,  by  its  action  ensuring  tha  high 
and  constant  taaparatures  necessary  for 
optiaal  physiological  functioning  in  warn 
nan.  In  cold  man  tha  AVA  organ  by  shutting 
the  peripheral  blood  down  in  the  extremities 
defines  the  body  shell,  whereby  the 
temperature  of  the  body  core  is  maintained 
as  long  as  possible  to  enhance  chances  for 
survival  -  but  at  the  expenditure  of  the 
extreadties . 


w*m  I  Cold 
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skia  t«ap«ratur«  diatributioa  io  wan  and 
cold  aan.  in  wnn  mui,  Um  dintnl  ports  of 
hands  sad  fast  ora  sara  duo  to  opsn  AVks.  la 
cold  nsa  tbs  taapsrsturss  of  bands  and  fast 
ors  low,  and  continuously  falliod  until  tbsy 
rsacb  tboss  of  tbs  snvxronnsot. 


PATHOPHYSIOLOGT  OF  LOCAL  COLD  INJPRT 

Local  Cold  Injury,  frostbite,  occurs  when 
tissue  temperature  falls  below  freezing 
point  of  the  tissue.  Around  90  %  of  all 
frostbites  occur  in  the  extremities  and 
mainly  in  the  feet  (8).  In  warm  man  with  his 
high  band  and  finger  temperatures  frostbite 
seldom  occurs,  and  if  it  occurs,  it  is  due 
to  a  very  hi^  wind-chill  or  to  direct 
contact  with  cold  surfaces  or  cold  fluids. 

In  cold  man,  where  the  toqperatures  of  the 
extremities  falls,  frostbite  will  occur  if 
the  part  cannot  be  kept  warm  by  passive 
heating,  i.e.  by  being  placed  in  a  local 
warm  environment. 

In  cold  and  wet  conditions,  trenchfeet  will 
occur  if  the  feet  have  been  cooled  down  to 
low,  but  not  freezing  temperatures  for  one 
or  two  days.  In  trenchfoot,  the  man  is  cold, 
his  AVAS  are  closed,  the  local  temperature 
falls.  This  fall  in  local  temperature  will 
affect  the  nutritive  blood  flow  by 
increasing  the  viscosity  of  the  blood  ( 9 ) , 


thus  leading  to  hypoxia  and  subsequent 
necrosis . 

In  local  cold  injury,  rewarming  will  often 
result  in  a  high  local  blood  flow,  which 
lasts  for  at  few  days,  and  is  then  followed 
by  decreasing  blood  flow,  ending  in 
gangrene.  The  high  blood  flow  in  the  initial 
phases  after  thawing  of  the  frozen  tissue 
might  be  due  to  a  high  blood  flow  through 
tha  AVAs  not  accompanied  by  an  increase  in 
nutritive  flow. 


COLD-IMDDCa>-VASODILATIOM 

Cold-induced-Vasodilation  or  Lewis'  hunting 
reaction  is  often  described  as  a  protective 
reaction,  where  the  cold  exiMsed  extremity 
reacts  to  severe  cooling  (as  when  immersing 
the  hand  in  ice  water)  by  a  local 
vasodilation.  If  cold  exposure  continues, 
the  vasodialtion  is  followed  by 
vasoconstriction,  then  subsequent 
vasodilation,  showing  a  cyclic  sequence. 

But  CIVD  cannot  be  elicited  in  a  cold 
person,  only  in  a  person  with  a  high  (above 
set-point)  tea{>erature .  In  a  cold  person, 
the  exposed  part  will  just  cool  more  rapidly 
without  any  increase  in  local  blood  flow. 

As  the  rapid  temperature  fluctuations  seen 
in  CIVD  closely  resemble  those  due  to  AVA 
function,  the  changes  in  CIVD  might  be  due 
to  AVA  function.  An  open  question  is, 
whether  the  CIVD  just  reflects  the  normal 
thermoregulatory  reactions,  in  this  special 
situation  provoked  by  the  central  inflow  of 
blood  cooled  in  the  cold  exposed  part. 

The  fact  that  CIVD  cannot  be  elicited  in  a 
centrally  cold  person  points  to  such  an 
explanation.  Likewise  that  the  periods  in 
the  cyclic  pattern  in  CIVD  can  be  changed  by 
the  degreee  of  cooling  involved. 


PATHOPHTSIOLOGT  OP  HTPOTHBWIIA 

Hypothermia  is  a  lowering  of  the  deep  body 
temperature.  In  the  hypothermic  person,  the 
extraaities  are  cold,  the  AVAs  closed.  There 
is,  at  least  in  the  initial  phases,  a 
clearly  maintained  body  core  and  body  shell. 
The  arms  and  legs  of  the  hypothermic  victim 
ace  very  cold.  In  the  initial  treatment,  it 
is  of  Isqnrtance  that  these  thermal 
gradients  are  smintained.  In  the  hypothermic 
victim  the  limbs  are  nearly  bloodless,  if 
circulation,  especially  in  the  AVAs,  were 
opened  up,  this  would  mean  that  the  wanwr 
blood  from  the  core  would  be  cooled  down, 
and  on  its  return  elicit  an  afterdrop  in 
deep  body  temperature,  which  might  be  fatal. 

As  the  AVAs  together  with  the  subcutaneous 
venous  rete  constitute  a  very  effective  heat 
exchanger  (10),  this  might  be  used  in  the 
rewarming  procedures.  Rewarming  in  a  hot 
water  bath  has  always  been  the  method  of 
choice  in  rapid  rewarming.  If  the  person  is 
to  benefit  fully  from  the  hot  water  bath, 
arms  and  legs  should  be  iamwrsed,  as  this 
will  facilitate  the  heat  exchange  between 
the  bath  water  and  the  victim.  Arms  and  l^s 
thus  should  be  immersed  'n  the  hot  water  in 
rapid  rewarming  procedures. 

In  the  Danish  Navy,  where  rewarming  in  a  hot 
water  bath  is  not  always  feasible,  immersing 
the  hands,  forearms,  feet,  and  calves  in 
buckets  filled  and  maintained  with  water  at 


43-44  dg.C  ia  ua*d.  Tha  aftlciancy  of  this 
Mtliod  has  latsly  baas  quastionad(ll),  but 
in  practica  it  has  baan  sham  to  ramia 
■odarataly  coolad  isaarsion  victim  rapidly. 

In  axtrssw  boat  situations,  whara  tha  body 
is  tturaatanod  by  ovarhaating  and  haat 
collapaa,  ava  cooling,  wbaro  bands,  foraras, 
fast  and  calvas  ara  Inaarsad  in  cool  mtar, 
shorn  that  a  considarabla  dagraa  of  cooling 
can  ba  achiavad.  In  this  cooling,  it  is 
nacaasary  to  kaap  tha  mtar  bath  ts^sratura 
abova  is  dg.c,  as  intansa  vasoconstriction 
and  avmtually  CIVS  might  ba  alicitad  if 
coldar  mtar  is  usad.  This  muld  sariously 
inpair  haat  axchanga  froa  tha  victia  to  tha 
mtar. 


PABADOXICAI,  OWCMTHIIIG 

In  paopla  axposad  to  cold,  a  spaciflc 
condition  should  ba  racognizad.  Hypotharaic 
victlas  ara  oftan  found  nokad  or  in  a  stata 
of  undraasing.  oftan  alcohol  or  othar  drugs 
nay  hava  baan  contributing  factors  in  tha 
davalopaant  of  tha  syaptoa(i3). 

Paopla  who  hava  baan  rascuad  froa 
hypothamia  will  nomally  will  hava  annasia, 
oftan  ratrograda,  concarnlng  thair  accidant. 
But  a  few  racord  that  thair  last  sansation 
was  that  of  being  axtranaly  warm.  One  pilot 
ditching  in  ica  cold  mtar  described  his 
feeling  as  if  standing  before  an  open  ovan. 
He  raaanbarad  that  ha  felt  it  aora  urgent  to 
try  to  cool  hiasalf  in  tha  ocean,  than  to 
enter  tha  hoist. 

Tha  physiological  ai^lanation  is  unknom, 
but  it  could  be  conjocturad  that  just  prior 
to  death,  tha  cutaneous  vasoconstriction 
cannot  ba  naintainad,  and  tha  last  central 
blood  suddenly  heats  tha  cold  skin,  giving 
rise  to  tha  sensation  of  axtreaa  mrath. 


lyLlCATIWW  OP  TBj  AVA  COSCm  OgTHB 
DK8IGH  OP  HAMS-  AHD  POOTWKAR  TOL  THK  irrMW 
COLD. 


The  AVA  concept  of  husun  thamoragulation 
gives  the  rationale  for  tha  fact  that  no 
nitten,  glove  or  boot  that  will  keep  a  cold 
■an's  hands  and  feat  mra  will  ever  ba 
constructed.  Good  insulating  aatarials  nay 
dininish  the  haat  loss  froa  a  cold  exposed 
person.  But  even  with  the  best  designed 
Arctic  hand-  and  foortwear,  frostbite  nay 
occur. 


ARCTIC  BkPERIEMCBS 

It  is  the  newcoaaer  to  the  Arctic  that  is  in 
danger. 


to  pure  aarhsnical  probloas. 

Man  has  lived  and  proaperad  in  tha  Arctic 
for  thotisands  of  years.  The  limiting  factor 
for  Arctic  operations  is  not  physiological 
but  aachanical  breakdowns. 
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Training  and  habituation  to  cold  is  of  aajor 
iaportance.  The  training  for  working  in  cold 
need  not  be  very  long.  Any  parson  will, 
being  given  a  thorou^  briefing,  ba  ready  to 
work  effectively  even  in  axtreaa  cold. 

In  the  Arctic,  nan's  worst  enwy  is  fear  of 
cold.  With  the  clothing  issued  by  all  the 
countries  operating  airplanes  in  tha  Arctic 
everybody  will  ba  able  to  carry  out  his 
duties . 

Exparienca  shorn,  that  aost  problaas  in 
naintaining  and  operating  airplanes  in  tha 
extraae  cold  are  not  related  to  the 
personnel  and  its  exposure  to  tha  cold,  but 
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T  Twti-odiieHow 


Aninals  have  two  aain  nethods  of 
adjusting  their  body  teiq>era- 
ture.  Poikilotheraic  aninals 
basically  adjust  it  to  the 
existing  anbient  tenperature 
whereas  honolotherBic  aninals 
keep  their  core  tenperature  at  a 
relatively  constant  value  «rtiich 
is  frequently  above  the  anbient 
tenperature.  These  are  thus  able 
to  stay  physically  active  at  all 
tines,  in  contrast  to  poikilo- 
themic  aninals  whose  netabolic 
processes  slow  down  increasingly 
due  to  van't  Hoff's  rule  «dien 
anbient  tenperatures  are  low, 
thus  rendering  the  anlnal  less 
active  and  sonetines  even  resul* 
ting  in  low-teiqperature  rigi¬ 
dity.  This,  however,  enables 
then  to  survive  for  a  longer 
period  of  tine  in  case  of  a  lack 
of  food  and/or  cold  spells. 
Hibernating  aninals  are  sone- 
thing  in  between.  In  tines  of 
food  shortage  and  in  the  period 
of  cold  weather,  they  reduce 
their  netabolic  processes  and 
lower  their  body  tenperature. 
Without  doubt,  nan  is  part  of 
the  group  of  honoiothemic 
organisBS.  However,  irtien  having 
a  closer  look  at  honoiothemic 


organises,  it  becones  obvious 
that  their  body  tenperature  is 
only  constant  as  far  as  the  body 
core  and  the  vital  organs  are 
concerned  -  there  are  fluc¬ 
tuations  in  the  tenperature  of 
the  extrenities,  i.e.  the  outer 
parts  of  the  body,  which  are 
nainly  induced  by  the  environ- 
nent.  consequently,  the  tissue 
of  these  regions  of  the  body  is 
subject  to  changes  in  ten- 
perature  which  nay  be  consider¬ 
able  without  resulting  in 
pemanent  danage.  Findings 
nainly  obtained  fron  transplan¬ 
tation  nedicine  have  shown  that 
the  organs  of  the  body  core  need 
not  be  danaged  irreversibly 
either,  if  their  tenperature  is 
lowered  for  several  hours  -  on 
the  contrary,  they  can  even  be 
preserved  this  way  for  a  United 
period. 

If  this  neans  that  nan's 
vital  organs  as  well  as  the 
skeleton  and  the  loconotor 
systen  are  relatively 
tolerant  to  cold  if  looked 
at  individually,  death  by 
hypothemla  nay  probably  be 
considered  a  result  of  the 
dissociation  of  different 
functional  systens  and  nay 
even  be  accelerated  by  a 
naxinun  release  of  cate- 


PrtsenudanutAGARDMtautgon  ‘The  Suf^ion  of  Air  Opemtions  under  Exatme  Hot  and  CoU  Weather  Conditions’,  May  1993. 


cliolamlnM.  It  ttous  8«—  to 
bo  cauMd  by  th«  failure  of 
the  ragulatlon  of  vital 
aystMM  irtiicb  leads  to  a 
kind  of  shock.  However,  the 
release  of  catecholanines  in 
itself  nay  also  result  in 
death  by  Inner-sion,  as  it 
is  called,  in  the  case  of 
«dtich  ectopic  brady- 
arrhythnia  and  ayocardial 
ischenia  accoapanied  by  a 
nassive  increase  in  blood 
pressure  are  of  priaary 
importance.  Air  crew  nenbers 
after  bail  out  above  the  sea 
as  well  as  victias  of  naval 
accidents  face  this  danger. 

As  accidents  of  this  kind 
cannot  be  prevented  in  all 
circuastances  suitable 
protection  and  appropriate 
eaergency  therapy  have  to  be 
provided  to  reduce  the 
effects  of  cold  on  nan. 

In  the  course  of  investigations 
which  ifere  carried  out  using  a 
rat's  liver  perfused  by  a 
haeaoglobin-free  solution  as  a 
aodel,  findings  were  obtained 
which  nay  lead  to  a  reconsidera¬ 
tion  of  ciiixent  treataent 
scheaes  of  hypotheraia. 

In  this  context,  the  liver  is  of 
special  interest  because  on  the 


one  hand,  it  is  an  organ  which 
is  particularly  affected  by  the 
redistribution  of  the  cardiac 
output  to  the  advantage  of  other 
organs  trhich  is  caused  by  the 
shock.  On  the  other  hand,  it 
also  aay  well  play  a  central 
role  during  the  shock  itself, 
for  example  due  to  its  clearance 
function  in  the  first-pass- 
effect,  i.e.  by  neutralizing 
substances  which  have  crossed 
the  intestine-blood-barrier 
which  collapses  as  a  result  of 
the  daaage  done  to  the  organism 
as  a  idtole.  DAHM  and  LANGE  have 
shown  that  the  percentage  of  the 
body's  total  oxygen  consumption 
taken  up  by  the  splanchnic 
organs  amounts  to  20  %  in  the 
case  of  a  trauma  and  increases 
to  even  44  %  in  the  case  of 
sepsis.  Furthermore,  the  liver's 
capacity  to  form  new  glucose 
from  lactate  and  alanine  -  which 
is  dependent  on  energy  -  is  of 
decisive  importance  particularly 
in  states  of  shock  with 
accompanying  acidosis  caused  by 
lactic  acid,  because  the 
muscular  system  and  above  all 
the  brain  depend  on  glucose  as 
an  energy-providing  substrate. 
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a  latlaal  dose  -  their  livers 
were  taken  out  after  cannulation 
of  the  portal  vein  and  the 
proxiaal  lower  vena  cava  and 
integrated  into  an  artificial 
circulatory  systea  (fig.  1). 


Fig.l:Scheae  of  the  perfusion  set-up.  la,b  oxygenators;  2a, b  g 

bubble  traps;  3  cannula  into  the  portal  vein;  4  vessel  for 
venous  analysis,  4a  storage  vessel;  5  roller  puap;  6 
defoaaer;  7  collector;  8  three-way  cock;  9  aeasuring 
cylinder;  10a,b  overflow  connections;  11  roller  puap 


An  albuain-salt-solution  was  It  reaained  at  a  relatively 

used  for  perfusion  according  to  constant  3  al/g  of  liver/ain  or 
KREBS-RIMGER-HENSELEIT  and  was  aore  for  the  entire  duration  of 
satvurated  in  disk  oxygenators  the  experiaent.  When  coabining 

with  gas  aixtures.  These  gases  these  values  with  the  values 
contained  5  %  carbon  dioxide  aeasured  by  oxygen  electrodes  at 

each,  the  rest  was  either  the  points  of  influx  and 

nitrogen  or  oxygen.  The  hydro-  outflow,  it  was  possible  to 
statically  produced  perfusion  continuously  determine  the 

pressure  aaovmted  to  a  '  ^ter  oxygen  consuaption  of  the  liver, 

coluan  of  15  to  17  ca  a  flow  too.  Finally,  the  local  partial 
was  continuously  aeasured  using  pressure  of  oxygen  on  the 
zm  electromagnetic  flow  aeter.  surface  of  the  liver  was 


•  • 


r 


27*C  (approx.  72  and  81*F)  and 
TTT  BlOTltlT  vas  constant  for  every  indivi¬ 

dual  experisent.  After  the  flow 
rate  had  stabilized  after  the 

In  the  case  of  all  experisents,  removal  of  the  livers,  leases  of 
the  livers  tdiich  had  been  taken  hypoxia  %fere  produced  by 
out  quickly  cooled  down  to  the  switching  the  gas  sixtures  which 
rooa  traperature  in  the  labora-  lasted  six  sinutes  (fig.  3). 
tory.  *n)ls  was  between  22  and 


Fig.  3:  Oxygen  consumption  (a),  flow  rate  (O)  and  p02  at  the 

points  of  Influx  and  outflow  (d,-*)  before,  during  and  after 
6  sinutes  of  anoxia 


In  sose  case  noradrenaline  had 
been  adsinistered  before.  During 
the  experisent,  the  partial 
oxygen  pressure  decreased  very 
quickly  at  the  points  of  influx 
and  outflow,  and  the  values 
measured  on  the  surface  of  the 
liver  were  salnly  anoxic  ones. 
After  switching  back  to  aeration 
with  95  %  oxygen,  oxygen  con¬ 
sumption  increased  after  a  delay 
and  reached  its  original  level 


only  after  20  to  30  minutes 
although  the  pre-hypoxic  partial 
oxygen  pressures  had  been 
reached  at  the  point  of  influx 
after  only  5  minutes.  5  minutes 
after  the  end  of  hypoxia,  con¬ 
sumption  had  been  lowered  by 
more  than  20  %  on  average.  This 
reduction  could  be  avoided 
completely  by  administering 
noradrenaline  before  hypoxia. 
Monitoring  the  local  partial 


Fig. 4:  MaxiBiUB,  average  Md  niniBioi  values  of  the  local 

partial  oxygen  pressures  after  hypoxia  in  experiments 
without  ( dk , O , V )  and  with  ( +  , o  , x  )  adainistering 
noradrenaline  before,  n  =  49;  the  value  "0"  occurs 
considerably  less  frequently  after  3.5  minutes  in  the 
case  of  the  experiments  without  noradrenaline 
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CMi  C(»qpl«tion  of  the  experi¬ 
ments,  irtiich  had  lasted  several 
hours,  intracellular  vacuoles 
could  only  be  found  in  a  few  of 


the  organs  checked.  Necroses  or 
other  irreversible  changes  could 
not  be  detected  (fig.  5). 


# 


Arj 
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Fig. 5:  Photo  of  a  detail  of  the  liver  with  peritoneal  lining  (P) 
(fixing  by  means  of  perfusion  using  formalin;  hematoxylin 
eosin  staining,  I60x) 
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Isolated  livers  of  rats  perfused 
by  a  haenoglobin-free  solution, 
which  were  introduced  by  MILLER 
et  al.  in  1951,  have  proved 
their  worth  as  wodels  for  the 
following  reasons: 

-  homonal  and  neirvous  in¬ 
fluences  are  excluded 
and 

-  due  to  the  lack  of 
haeaoglobinous  corpuscu¬ 
lar  ojcygen  carriers 
there  is  a  linear 
connection  between  p02 
in  the  perfusion  solu¬ 
tion  and  the  oxygen 
content . 

However,  the  lack  of  oxygen 
carriers  necessitates  a  high 
partial  pressure  in  order  to 
dissolve  enough  oxygen  physi¬ 
cally.  At  the  same  tine,  the 
metabolism  of  the  liver  must  be 
reduced  by  hypothermia.  Under 
these  conditions,  hotrever,  the 
organ  can  be  preserved  for  hours 
without  an  oedema  which  would 
point  to  a  collapse  of  energy- 
dependent  ion  gradients  or  a 
morphologically  identifiable 
irreversible  damage.  On  the 
contrary,  recurring  reactions  to 
hypoxic  states  could  be  identi¬ 
fied  during  hypothermia:  In  the 
case  of  the  present  experiments, 
the  temporary  reduction  in 
oxygen  consumption  which 
occurred  after  hypoxia  when  the 
oxygen  supply  had  already 
reached  its  maximiun  again  may  be 
interpreted  as  an  inhibition 
continuing  after  the  end  of 
hypoxia.  The  course  of  the  curve 
suggests  that  during  hypoxia,  a 
mediator  causing  this  inhibition 
appears  in  the  organ  it:self 
which  first  has  to  be  eliminated 


after  hypoxia.  A  benefit  of  this 
inhibition  seems  to  be  the 
redistribution  of  the  existing 
residual  oxygen  for  optimum 
utilization  during  the  phase  of 
hypoxia.  This  is  proved  by  the 
guicker  increase  in  particular 
of  the  very  low  local  pO^  values 
towards  the  end  of  hypoxia  in 
comparison  with  those  experi¬ 
ments  where  an  inhibition  was 
prevented  by  administering 
noradrenaline  before.  Norad¬ 
renaline  not  only  has  a  general 
perfusion-reducing  effect,  e.g. 
in  the  liver,  but  also  seens  to 
Influence  the  protective 
mechanisms  of  the  liver  against 
oxygen  deficiency. 

For  physical  reasons,  the 
perfusion  solution  had  to  be 
aerated  using  95  %  oxygen  in  the 
present  experiments  in  order  to 
obtain  a  sufficient  guantity  of 
ojcygen  in  solution.  It  is  known 
from  a  paper  by  MILLER  and 
KESSLER  that  in  the  case  of  rats 
supplied  with  oxygen  in  normo- 
thermia,  the  gradual  replacement 
of  oxygen  by  carbon  dioxide  up 
to  a  percentage  of  40  %  CO2 
leads  to  a  significant  increase 
in  the  partial  oxygen  pressures 
in  the  liver.  Immersion  of  the 
animals  in  ice  water  results  in 
the  temperature  of  the  liver 
going  down  to  17*C  (approx. 63*F) 
and  leads  to  anoxia  of  the  liver 
due  to  vasoconstriction  if  air 
is  breathed.  If,  however,  the 
animals  are  caused  to  breathe  5 
%  oxygen,  30  %  CO2  and  65  % 
nitrogen,  the  oxygenation  values 
of  the  liver  will  finally  egual 
the  normothermal  initial  values 
whereas  a  mixture  consisting  of 
10  %  ©2,  25  %  CO,  and  65  %  N2 
results  in  almost  no  improvement 
compared  to  the  breathing  of  air 
in  hypothermia . 
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Ventilatory 
Gas  mixture 

(missing:  N2) 

Air 

40%  CO2 

60%  O2 

30%  CO2 

5%  O2 

25%  CO2 

10%  O2 

Temperature 

Normo- 

thermla 

Normo- 

thermla 

Hypo¬ 

thermia 

Hypo¬ 

thermia 

PO2  Liver 

(mean  value) 

20 

150 

25 

5 

[mm  Hg] 

from:  Miller  JA,  Kessler  M 
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When  dealing  with  hypothermia, 
it  thus  seems  to  be  necessary  to 
particularly  consider  the  con¬ 
striction  effect  of  PO2  and  the 
dilating  effect  at  the  vascular 
bed  which  directly  depends  on 
p02<  However,  in  this  context 
the  question  arises  what  conse¬ 
quences  this  has  with  respect  to 
the  acid-base  balance  and  meta¬ 
bolic  changes.  Existing  data  do 
not  provide  a  clear  answer  to 
this  question.  If  following  the 
argumentation  of  RAHM,  an  ex¬ 
treme  respiratory  acidosis  would 
probably  be  considered  to  be 
present:  It  could  be  shown  that 
poikilothermic  animals  increase 
their  pH  value  with  decreasing 
temperatiures .  This  change  in  the 
pH  value  occurs  almost  parallely 
to  the  temperature-dependent 
change  of  the  neutral  point  of 
water.  This  would  mean  that  the 
physiological  pH  value  would  be 
approximately  7.7  at  a  tem¬ 


perature  of  15 *C  (about  59* F). 

Of  course,  an  acidosis  leads  to 
an  inhibition  of  metabolism 
(just  like  hypothermia)  and  thus 
of  the  liver's  central  function 
for  the  metabolic  pro¬ 

cess,  idiich,  however,  the  body 
seems  to  be  able  to  tolerate  for 
some  time.  But  the  organ's 
Increased  perfusion  rate  under 
the  last-mentioned  conditions 
contributes  to  the  preservation 
of  the  liver's  structure:  hOper 
(1986)  showed  that  oxygen 
deficiency  alone  is  tolerated 
without  any  problems  whereas 
impairments  of  perfusion  quickly 
lead  to  irreversible  damage  to 
the  organ. 

What  are  the  conclusions? 

From  the  point  of  view  of  expe¬ 
rimental  physiology,  it  thus 
seems  to  be  advantageous  to  give 
an  animal  which  has  been  exposed 


•  • 
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to  hypothervia  and  which  is  not 
hypovoleaic  artificial  respira¬ 
tion  using  a  mixture  with  a  high 
CO2  and  a  relatively  low  O2 
content:  Good  perfusion  of  the 
liver  contributes  to  the  preser¬ 
vation  of  the  organ.  The  accom¬ 
panying  reduction  in  metadx>lism 
(detoxication,  gluconeogenesis) 
will  probably  not  fully  take 
effect  at  first:  For  example, 
glucose  may  be  mobilized  from 
the  places  where  glycogen  is 
stored  without  any  energy  con¬ 
sumption,  and  toxic  substances 
contained  in  the  intestine  are 
more  likely  to  penetrate  rather 
gradually  than  immediately  and 
massively.  After  warming  up  and 
stabilization  of  the  circulatory 
function,  the  liver,  which  will 
still  be  functional,  may  contri¬ 
bute  to  the  compensation  of 
secondary  effects  of  hypothermia 
such  as  hypoglycemia  and 
toxicemia  in  the  case  of  "shock 
intestine"  with  its  full  meta¬ 
bolic  capacity. 

The  authors  of  this  lecture 
work  in  the  field  of  theore¬ 
tical  medicine  and  do  not 
want  to  post  advices  for  the 
treatment.  Rather  the  expe¬ 
rimental  results  are  bound 
to  stimulate  the  reconside¬ 
ration  of  present  treatment 
schemes  of  hypothermia. 


organ's  inherent  protective 
mechanisms . 

Hor adrenaline  deteriorates  the 
local  oxygen  supply  of  the  liver 
in  hypothermia  whereas  the  use 
of  low  oxygen  and  high  carbon 
dioxide  concentrations  during 
respiration  seeais  to  make  it 
possible  to  overcome  vasocon¬ 
striction  caused  by  cold. 

In  experimental  hypothermia  in 
animals,  such  a  temporary  respi¬ 
ration  seems  to  be  advantageous 
because  this  may,  among  other 
things,  make  it  possible  to 
preserve  the  liver's  structure 
which  thus  will  make  its  full 
metabolic  capacity  available 
after  normothermia  has  been 
reached  again. 

Our  experimental  results  gained 
from  animals  seem  to  be  impor¬ 
tant  in  respect  of  clinical 
treatment  schemes  of  hypo¬ 
thermia. 


ft 
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As  accidents  with  bail  out 
of  the  air  crew  cannot  be 
preve.ited  in  all  circuiastan- 
ces  considerations  must 
point  towards  suitable 
protection  2und  appropriate 
emergency  therapy  for  what 
only  experimental  investiga¬ 
tions  are  suited. 

Hypothermia  can  be  tolerated  by 
an  isolated  rat's  liver  for 
hoiurs  without  leading  to 
irreversible  damage.  In  addi¬ 
tion,  it  does  not  block  the 
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The  decrease  of  central  body 
temperature  by  wamth  withdrawal 
leads  in  most  cases  to 
pathological  changes  of  signal 
devices  as  the  energy  meta¬ 
bolism.  The  central  body 
temperature  may  be  lowered  to  28 
26*C  without  irreversible 
disturbances  of  life  functions 
occuring.  Not  earlier  as  below 
26  *C  rectal  temperature  life 
sustaining  becomes  critically. 
Nlth  continued  exposure  to  cold 
and  missing  therapy  hypothermia 
passes  several  phases.  Below 
26  *C  rectal  temperatiire  in  a 
phase  of  paralysis  death  occurs 
with  cardiac  disturbances  like 
cardiac  oscillation  and  disor¬ 
ders  of  atrio-ventricular  con¬ 
duction.  Findings  on  the  corpses 
of  persons  dying  by  cold 
exposure  are  discussed.  Findings 
of  a  crew  member  dying  after 
ejection  and  immersion  in  cold 
water  are  demonstrated  and 
weighted  by  means  of  differen¬ 
tial  diagnosis. 

imOPOCTIOW; 

Three  categories  of  causes  of 
death  are  mainly  considered  in 
the  case  of  fatal  bailout  over 
the  sea: 

1 .  Blunt  force  and  whiplash 
injury 

2.  Drowning  and  its  atypical 
forms  or  "death  in  the  water" 

3.  General  hypothermia. 


Whereas  the  effects  of  blunt 
force  can  be  determined  clearly 
and  without  significant  compli¬ 
cations  even  macroscopically , 
differentiating  between  the  two 
other  causes  of  death,  i.e. 
dro%ming  and  hypothermia,  in¬ 
volves  certain  difficulties, 
especially  because  sometimes 
"mixed  forms"  may  be  present  due 
to  incomplete  or  atypcial  pro¬ 
cesses  during  drowning,  inclu¬ 
ding  even  reflex  death  or  sudden 
death  in  the  water  -  each  of 
them  occurring  together  with 
general  hypothermia. 

Finding  out  about  the  actual 
cause  of  death  is  of  con¬ 
siderable  importance  on  the  one 
hand  for  the  reconstruction  of 
the  circumstances  of  the  acci¬ 
dent  and  its  individual  phases 
and  on  the  other  hand  for 
possible  conclusions  with  regard 
to  prophylactic  measures  aimed 
at  the  prevention  of  accidents 
or  with  respect  to  modifications 
in  the  equipment  and  clothes  or 
the  regulations.  We  would  like 
to  demonstrate  the  difficulties 
encountercKl  tdien  trying  to 
determine  the  cause  of  death 
with  the  help  ef  one  case. 

First  some  theoretical  explana¬ 
tions  as  far  as  the  diffe¬ 
rentiation  between  the  ttro 
categories  of  causes  of  death  is 
concerned. 
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MHAT  IS  THE  DIFFIfltgilCK  BETOKEIi 

PRQWITIIg  MID  STODBM  DBATlt  IH  THg 

MATKR.  AS  TT  TS  rXT.T.m.  MTTH 
RKSPBCT  TO  TOE  PATHOPHYSIOIiO- 
GICAL  PBOCKSSBS  mVOLVgD.  AMP 
WHAT  FIMDIliGS  MtB  GEMKRALLY  TO 
BK  BXPECTBD  IM  THE  CORPSE? 

1 .  Drowning  refers  to  the 
occlusion  and  partial 
filling  of  the  respiratory 
tract  with  liquid.  In  this 
context,  it  is  completely 
sufficient  if  the  nose  and 
the  mouth  are  immersed  in 
the  liquid.  Death  by 
drowning  is  to  be  conside¬ 
red  violent  external  suffo¬ 
cation.  It  may  either  be 
typical  drowning,  as  it  is 
called,  in  the  case  of  which 
there  are  several  changes 
from  aspiration  of  water  to 
aspiration  of  air  and  vice 
versa  or  atypical  drowning, 
which  means  that  water  is 
breathed  permanently. 

2.  A  differentiation  must  be 
made  between  sudden  death  in 
the  water,  as  it  is  called, 
and  death  by  actual 
drowning. 

The  cause  of  death  is  not 
drowning  in  the  case  of 
sudden  death  in  the  water; 
however,  there  is  no  clear 
distinction  between  sudden 
death  and  drowning.  It  may 
be  mere  coincidence  that  the 
person  concerned  is  in  the 
water,  e.g.  in  the  case  of 
cardiac  infarction  or  coro¬ 
nary  occlusion,  the  rupture 
of  an  aortic  aneurysm,  etc.; 
but  it  may  also  be  the 
reason  for  organic  and 
functional  processes  which 
lead  to  death  before  actual 
drowning  would  have  occur¬ 
red.  Let  me  mention  some 
examples:  Acute  cardiac 

failure  in  case  of  weak 
cardiac  output  due  to  stress 
caused  by  cold,  fear  or 
panic,  fatal  reflex 

laryngeal  shock  due  to  the 
irritant  effect  of  water 
swallowed,  cardiovascular 


failure  or  a  state  of 
collapse  in  the  case  of  a 
very  full  gastro-intestinal 
tract  accompanied  by  diges¬ 
tive  hyperemia,  etc.  Other 
causes  may  be,  for  example, 
spasms  and  fits  or  also 
vertigo  or  fainting  fits. 
This  explains  why  it  is 
often  difficult  to  draw  the 
line  between  these  forms 
which  can  not  be  classified 
clearly.  Pathological  dis¬ 
turbances  or  debility  may 
modify  the  process  of 
drowning;  they  may  trigger 
it  such  that  all  its  stages 
take  place  or  they  may  cause 
it  to  take  place  in  a 
quantitatively  weaker  form. 
Theoretically,  the  compo¬ 
nent  of  drowning  or  suffo¬ 
cating  actually  can  only 
contribute  insignificantly 
to  the  occurrence  of  death. 
The  complete  process  of 
drowning  takes  place  in  six 
pathophysiological  stages 
and,  as  a  rule,  will  last 
between  three  and  five 
minutes.  Part  of  the  liquid 
swallowed  is  resorbed  into 
the  circulation  from  the 
overstretched  and  torn 
alveoli  but  partly  also  from 
the  mucous  membranes  of  the 
bronchial  system.  This 
applies  to  hypotonic  solu¬ 
tions,  such  as  freshwater. 
Except  for  the  Baltic  sea, 
in  which  case  there  are 
approximately  physiological 
sodium  chloride  concentra¬ 
tions,  drowning  in  salt 
water  is  a  matter  of 
hyperton ic  solutions.  In 
this  case,  only  a  small 
portion  of  the  water  ab¬ 
sorbed  is  resorbed  into  the 
blood  stream.  Only  the  salts 
diffuse  into  the  blood 
whereas  protei  ns  of  the 
blood  plasma  pass  into  the 
alveoli  due  to  the  osmotic 
and  colloid  osmotic  diffe¬ 
rence  in  pressure  in  both 
directions. 

The  pulmonary  changes. 


which 


are  a  result  of  the 
■echanical  influence  during 
the  process  of  drowning, 
depend  on  the  intensity  and 
duration  of  the  individual 
stages  of  drowning.  They  are 
■ore  pronounced  in  the  case 
of  typical  drowning  than  in 
the  case  of  atypical 
drowning  and  are  not  present 
at  all  in  the  case  of  sudden 
death  in  the  water,  as  it  is 
called.  The  external 
findings  are  not  charac¬ 
teristic  as  far  as  the 
diagnosis  of  the  corpse  is 
concerned.  Even  the  foraa- 
tion  of  foaa  at  the  south 
and  at  the  nose  does  not 
■ean  nuch  because  it  also  is 
found  in  the  case  of  other 
causes  of  death,  e.g.  in  the 
case  of  a  pulmonary  edena  or 
an  epileptic  fit.  However, 
in  the  case  of  typical 
droming,  as  it  is  called, 
the  post-Borten  findings  in 
the  lung  are  quite  typical: 

The  lung  is  severly 
distended  and  blown  up 
like  a  balloon.  On  opening 
the  pleural  cavity,  it  is 
found  that  it  not  only 
fills  it  completely  but 
sometimes  even  protrudes 
from  the  breastbone. 

Frequently,  indistinct 
salmon-red  hemorrhages 
covered  with  small  spots 
are  found  in  the  pulmonary 
pleura,  i.e.  Paltauf's 
hemorrhages,  which  mostly 
extend  to  the  boundaries 
of  the  lobules  and  which 
have  developed  from  rup¬ 
tured  vessels  in  distended 
tissue  with  subsequent 
hemolysis  after  contact 
with  the  liquid  swallowed 
during  drowning. 

-  Another  characteristic  is 
the  fact  that  the  volume 
of  the  stiff  tissue 
clearly  stays  constant , 
which  means  that  pits 
remain  when  pressing  one's 
finger  into  it.  On  the  cut 
surface,  the  tissue  is 


pale  and  dry,  looking 
patchy  and  marbled.  In  the 
bronchial  system,  liquid 
swallowed  during  drowning 
and  mucus  is  found,  often 
mixed  with  air,  forming 
foam  with  small  buttles. 

-  Microscopically,  a  severe 
emphysema  with  greatly 
dilated  alveoli  whose 
septa  are  lacerated  at 
various  points  can  be  de¬ 
tected.  Sometimes,  foreign 
matter  from  the  liquid 
swallowed  are  found  in  the 
bronchial  system. 

-  In  contrast  to  this,  the 
characteristic  pulmonary 
emphysema  is  not  present 
in  the  case  of  atypcial 
drowning.  The  lungs  are 
heavier  and  are  found  to 
have  absorbed  an  increased 
amount  of  liquid  during 
drotming.  FurthenK>re,  the 
tissue  contains  more 
blood. 

-  The  diagnosis  of  death  by 
drowning  is  based  primary 
on  the  macroscopic  and 
microscopic  post-mortem 
findings;  however,  the  de¬ 
tection  of  diatoms,  which 
are  generally  contained  in 
stagnant  and  running 
bodies  of  water,  in  the 
lungs  and  in  particular  in 
the  organs  of  the  greater 
blood  circulation  can  be 
considered  a  proof  if 
considerable  quantities  of 
these  diatoms  are  fotind  in 
the  greater  blood  circu¬ 
lation.  A  comparison  of 
the  diatoms  in  the  greater 
blood  circulation  with 
those  isolated  from  a 
sample  of  the  medium  in 
which  drowning  occurred  is 
a  prerequisite  for  this 
proof.  It  is  more  diffi¬ 
cult  to  name  the  cause  of 
death  if  the  traditional 
signs  of  drowning  are 
lacking  and  atypical  pro¬ 
cesses,  as  they  are 
called,  mixed  forms  or 
even  other  causes  of  death 
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haiqp«n«d  to  lead  to  death 
in  the  water.  In  this 
context,  cases  of  reflex 
death  sust  be  mentioned  in 
particular  which  result  in 
cardiac  standstill  via  the 
vagus  nerve  before  actual 
drowning  has  occurred. 

As  far  as  bailout  from  aircraft 
over  the  sea  is  concerned,  local 
cold  injuries  are  not  as 
important  as  general  fatal 
hypothermia.  In  this  context,  it 
must  be  mentioned  that  people  in 
danger  of  dying  from  exposure 
often  behave  in  a  paradoxical 
way,  for  example  taking  their 
clothes  off.  This  is  referred  to 
as  delirious  states  in  people 
dying  from  exposure,  i.e.  "cold 
idiocy",  as  it  is  called. 


Due  to  the  dependence  of  the 
dissociation  curve  of  Hb  on  the 
temperature,  general  chilling 
leads  to  hypoxidosis  and  then, 
as  a  further  consequence,  to  a 
general  reduction  in  metabolism, 
to  the  compensatory  redis¬ 
tribution  of  the  blood  from  the 
periphery  to  the  core  of  the 
body  and  to  the  shift  of  water 
from  the  blood  to  the  tissue. 
The  decrease  in  usable  oxygen 
and  the  requirement  lead  to  a 
decrease  in  the  excitability  of 
the  cerebral  centers  and  finally 
to  their  complete  failure.  In 
addition,  it  must  be  considered 
that  a  reduction  in  metabolism 
and  a  drop  in  the  body 
temperature  below  the  optimum 
reaction  temperature  of  the 
vital  fermentation  systems  lead 
to  an  interruption  of  all  vital 
processes  and  thus  to  the  slow 
occurrence  of  death.  On  the 
other  hand,  general  hypothermia 
may  lead  to  lethal  ventricular 
fibrillation  due  to  the 
shortening  of  the  refractory 
period  of  the  cardiac  muscu¬ 
lature  and  the  prolongation  of 
conduction. 


As  a  rule,  20  -  25  'c  (68  -  77 
*P)  are  considered  critical 
values  of  minimum  body  tem¬ 
perature.  In  the  case  of  general 
hypothermia,  local  damage  to 
cells  or  tissue  is  generally  not 
to  be  expected  because  death 
ensues  already  before  due  to  the 
fact  that  central  functions  are 
put  out  of  action. 


Due  to  the  more  stable  bond  of 
oxygen  to  hemoglobin,  light-red 
post  mortem  lividity  must  be 
expected.  Due  to  hyperemia  of 
the  internal  organs,  punctiform 
hemorrhages  covered  with  small 
spots  and  even  erosions  are 
present  in  the  area  of  the 
mucous  coat  of  the  stomach;  in 
addition,  there  are  hemorrhages 
of  the  pancreas  as  well  as 
subepicardial ,  intrapulmonary 
and  subpleural  hemorrhages. 

In  the  case  of  general 
hypothermia ,  microscopic  f  in- 
dings  are  either  extremely 
insignificant  or  not  charac¬ 
teristic  or  mainly  characterized 
by  findings  of  shock  and  may 
well  be  compared  with  the 
findings  in  case  of  external 
heat  injury. 

In  addition  to  hemorrhagic 
pancreatitis,  micro-infarcts  are 
found  in  almost  all  organs.  They 
are  caused  by  agglutinates  of 
erythrocytes  in  the  small 
vessels,  by  a  reduction  in 
glycogen  in  the  heart,  liver  and 
kidney  and  by  the  deposition  of 
protein  in  the  capsule  of  the 
malpighian  glomerulus  as  well  as 
by  a  severe  reduction  in  lipoids 
in  the  suprarenal  body. 

On  the  whole,  it  may  be 
emphasized  that,  if  looked  at 
individually,  the  findings  in 
internal  organs  obtained  in  the 
case  of  general  hypothermia  may 
also  be  the  result  of  other 
causes  not  related  to 


hypoth«raia  and  thus  are  not 
specific  enough  for  the 
diagnosis  "death  by  general 
hypothermia".  If  the  actual 
cause  of  death  is  to  be 
determined,  it  is  therefore 
absolutely  necessary  to  also 
consider  the  overall  circum¬ 
stances.  In  the  case  of  death  by 
cold,  both  the  macroscopic  and 
the  histomorphological  findings 
essentially  correspond  to  the 
findings  after  states  of  shock. 
They  are  not  sufficient  to 
justify  the  diagnosis  of  "death 
by  cold"  from  a  forensic  point 
of  view. 

In  this  context,  it  is  thus 
required  to  exclude  other 
possible  pathological  causes  of 
death  or  their  contribution  and, 
in  any  case,  to  include  all  the 
exact  cicumstances  of  the 
occurrence  of  death  into  one's 
considerations.  In  the  assess¬ 
ment  of  the  aircraft  accident 
already  presented  in  lecture  no. 
16  which  involved  ejection  of 
all  of  the  four  crew  members 
over  the  sea,  one  of  whom  did 
not  survive,  the  following 
findings  had  been  obtained  as  a 
result  of  the  post-mortem 
examination: 

-  light-red  post-mortem  lividity 

-  general  plethora  of  the  inter¬ 
nal  organs 

-  dilatation  of  the  brain  with 
signs  of  cerebral  pressure 

-  plethora  and  patchy  blood 
distribution  in  the  area  of 
the  heart 

-  patchy  blood  distribution  in 
the  area  of  the  lung  with 
Paltauf's  hemorrhages  and 
severe  pulmonary  edema 

-  foam  with  small  bubbles  in  the 
respiratory  tract 

-  patches  of  hemorrhages  of  the 
mucous  coat  of  the  stomach 

-  focal  hemorrhages  of  the 
pancreas . 

Under  the  microscope,  small 
hemorrhages  were  found  in  the 
brain,  lung,  pancreas,  kidney 
and  suprarenal  body.  In 
addition,  there  was  a  large 


quantity  of  macrophages  in  the 
lung.  The  examination  of  the 
lung  and  organs  of  the  greater 
circulation  such  as  the  liver 
and  kidney  -  which  had  been 
subjected  to  wet  incineration 
for  the  search  for  diatoms  - 
showed  that  in  the  organs  of  the 
greater  blood  circulation,  no 
diatoms  were  present. 

The  overall  macroscopic  and 
microscopic  findings  including 
the  high-grade  plethora  in 
central  areas  point  to  a  shock; 
the  hemorrhages  of  the  mucous 
coat  of  the  stomach  as  well  as 
the  hemorrhages  of  the  pancreas, 
which  microscopically  exhibited 
the  findings  of  hemorrhagic 
pancreatitis,  suggest  a  process 
of  hypothermia  as  the  most 
likely  cause. 

The  light-red  post-mortem  livi¬ 
dity,  the  foam  with  small 
bubbles  in  the  respiratory 
tract,  the  Paltauf's  hemorrhages 
of  the  lung  suggest  an  atypical 
process  of  dromiing.  However,  in 
this  context,  the  pulmonary 
edema  and  the  fact  that  there 
was  no  emphysema  of  the  lung  do 
not  indicate  a  traditional  and 
complete  process  of  drowning, 
especially  since  no  diatoms 
could  be  found  in  the  organs  of 
the  greater  circulation.  This 
means  that  an  atypcial  process 
of  drowning  is  considered  a 
factor  which  contributed  to  the 
occurrence  of  death. 

A  systematic  check  of  the 
internal  organs  had  shown  that 
there  was  no  evidence  whatsoever 
of  pathological  changes  which 
could  possibly  have  contributed 
to  the  occurrence  of  death  or  be 
a  relevant  factor. 

Due  to  the  fact  that  both  the 
macroscopic  and  microscopic  fin¬ 
dings  are  relatively  nonspecific 
on  the  whole,  the  overall 
circumstances  must  also  be  taken 
into  consideration  in  a  case 
like  this. 
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Provided  the  statement  by  one  of 
the  crew  members  who  said  that 
the  weapon  system  operator  who 
died  later  had  been  able  to  talk 
to  him  after  he  had  called  him 
and  had  confirmed  that 
everything  was  OK  is  true,  it 
must  be  taken  as  a  basis  that 
the  death  was  not  caused  by 
ejection  from  the  aircraft  since 
there  was  no  fatal  blunt  force. 
Furthermore,  it  must  be  assumed 
that  at  first,  the  weapon  system 
operator's  state  of  conscious¬ 
ness  enabled  him  to  also  act 
purposefully.  Consequently, 

there  is  no  evidence  of  reflex 
death  caused  by  contact  with 
cold  air  or  cold  water.  Since 
everything  else  can  be  excluded, 
drowning  and  hypothermia  are 
considered  the  most  likely 
causes  of  death.  Since  it  is 
hardly  possible  that  a  human 
corpse  lying  in  the  water 
without  active  heat  transport, 
i.e.  blood  circulation,  cools 
down  from  a  body  temperature  of 
approximately  37  *c  (about  99 
*F)  to  a  body  temperature  of 
roughly  28  °C  (about  82  ‘F)  if 
the  water  temperature  is  11  “c 
(about  52  *F)  -  which  was 

measured  during  the  rescue 
operation  -  within  2  hours  and 
15  minutes,  it  must  be  assumed 
that  the  crew  member  had 
survived  for  a  relatively  long 
period.  Accordingly,  the  drop  in 
the  body  temperature  probably 
was  a  vital  process,  as  it  is 
called.  This  could  also  easily 
be  brought  in  line  with  the 


signs  of  hypothermia  found 
during  the  post-mortem  exami¬ 
nation,  i.e.  the  hemorrhages  of 
the  mucous  coat  of  the  stomach 
and  the  hemorrhages  of  the 
pancreas.  We  know  from  patho¬ 
physiology  that  in  case  of 
temperatures  below  30  *C  (86  *F) 
unconsciousness  and  thus  inabi¬ 
lity  to  act  are  to  be  expected. 
During  this  period,  i.e.  when 
the  weapon  system  operator  was 
unable  to  act  and  was  lying  in 
the  special  position  the  corpse 
was  later  found  in  in  the  water, 
i.e.  with  the  head  and  the 
breathing  orifices  such  that  sea 
water  could  flow  in  and  out, 
atypical  drowning  may  have  set 
in  which  finally  put  an  end  to 
the  process  of  dying.  This  is 
also  an  explanation  for  the 
incomplete  signs  of  drowning  in 
the  corpse. 

To  sum  up,  one  can  say  that  in 
the  case  of  fatal  accidents  over 
the  sea,  the  diagnosis  of  causes 
of  death  may  be  difficult  due  to 
the  fact  that  the  findings  in 
the  corpse  do  not  provide  clear 
proofs.  For  the  final 
determination  of  the  cause  of 
death,  the  overall  circumstances 
with  respect  to  the  position  of 
the  person  concerned  as  well  as 
time  factors  and  pathological 
factors  must  in  any  case  also  be 
taken  into  consideration. 


The  literature  will  be  available 
at  the  author's  adress. 
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ZimOOOCTXOM 

Hypothermia  may  occur  with  prolonged 
exposure  to  cold  air  or  water  (1,2,3) . 
Recovery  from  hypothermia  involves 
removing  the  individual  from  the  cold 
environment  and  utilizing  a  rewarmlng 
strategy.  Three  major  rewarming 
strategies  Include:  1)  passive  rewarming, 
2)  active  external  heating,  and  3)  active 
internal  heating.  Controversy  continues 
regarding  the  best  rewarming  procedure  for 
use  in  the  field. 

During  passive  rewarming,  the  individual 
is  removed  from  cold  air  or  water,  dried 
off,  placed  in  a  sleeping  bag,  and  allowed 
to  shiver  until  fully  recovered.  Provided 
that  the  cold  stress  has  been  sufficiently 
removed,  it  is  assumed  that  the  body  can 
spontaneously  generate  sufficient  heat  to 
rewarm  itself  (2) . 

Rapid  external  rewarming  is  the 
application  of  direct  heat  to  the  external 
body  surfaces.  Rewarmlng  is  thus 
facilitated  by  heat  generated  from 
external  sources.  Examples  of  rapid 
external  rewarmlng  include:  warm  water 
baths,  heat  cradles,  diathermy,  and  liquid 
heated  suits  (2,3)  . 

Active  internal  rewarmlng  involves 
administering  heat  directly  to  the  ‘core" 
of  the  body,  which  is  usually  considered 
the  contents  of  the  trunit  beneath  the 
s)ieletomuscular  and  adipose  shell  (2)  . 
Examples  include:  peritoneal  dialysis, 
mediastinal  irrigation,  extracorporeal 
circulation,  hemodialysis,  and 
Intragastric  or  colonic  lavage  (2,3). 

These  methods  involve  surgical  procedures 
and  are  not  practical  in  a  field  setting. 
However,  an  active  internal  technique  for 
the  field  is  the  breathing  of  warm, 
humidified  air.  Warm  moist  air  is  also 
used  in  hospitals  to  help  rewarm  surgical 
patients  (4, 5, 6, 7, 8).  The  problem  is  that 
most  of  the  devices  are  bul)ty,  heavy,  and 
impractical  to  use  in  the  field.  While 
investigating  a  field  device  used  to 
provide  warm  humidified  air,  Sterba  (9) 
had  a  problem  with  excessive  Inspiration 
temperature . 

One  study  (9)  concluded  that  only  passive 
heating  should  be  done  in  the  field,  while 
others  (8,10,11,12,13,14,15)  contend  that 
active  external,  or  active  internal 
(5,6,7,8,16,17,18)  strategies  should  be 
employed.  One  problem  with  active 
external  or  internal  rewarming  is  that 
shivering  may  be  decreased,  resulting  in 
slower  rewarming  (13,19).  The  purpose  of 
this  study  was  to  compare  the 
effectiveness  of  three  field  rewarming 
procedures:  1)  United  States  Marine  Corps 


(USMC)  issue  extreme  cold-weather  sleep¬ 
ing  bag,  2)  cold-weather  sleeping  bag  with 
external  heat  applied  using  a  Heatpac 
device,  and  3)  cold-weather  sleeping  bag 
while  breathing  warm,  humid  air  from  a 
Heatpac  with  Humipac  (prototype) 
attachment. 

KITBOU 

Six  male  subjects  participated  in  this 
study.  The  physical  characteristics  of 
the  subjects  are  presented  in  Table  1 . 

Medical  Screening 

Subjects  were  informed  of  the  nature, 
purpose,  and  potential  ris)ts  of  the 
experimental  procedures,  and  they  signed 
informed  consent  and  privacy  act 
statements.  All  subjects  underwent 
medical  screening,  which  included  a 
medical  history  questionnaire,  Ix^dy 
composition  assessment,  and  clearance  to 
participate  by  a  medical  officer.  Height 
and  weight  were  determined  by  standard 
methods.  Body  density  was  determined 
using  slclnfolds  from  three  sites:  chest, 
abdomen,  and  mid-thigh  (20)  .  B<^  fat  was 

determined  from  body  density  using  the 
Siri  equation  (21) . 

Measurement  Systems 

A  Polar  Vantage  XL  monitor  (Polar  USA, 

Inc.,  Stamford,  CT  06902)  was  used  to 
determine  heart  rate.  Core  temperatures 
were  measured  using  sterile  disposable 
Sher-I-Temp  thermistors.  S)tin 
temperatures  were  measured  using  silver 
s)tin  thermocouples.  A  Grant  1200  series 
(12-Bit)  Squirrel  Meter/Logger  was  used  to 
record  core  and  s)cin  temperatures. 

Oxygen  upta)ce  (VO,)  and  carbon  dioxide 
production  (VCO,)  were  determined  using 
open-circuit  spirometry.  Expired  gas  was 
collected  for  1.5  minutes  in  a  Collins  100 
liter  plastic  bag  connected  to  a  Hans- 
Rudolph  two-way  valve.  Expired  air  was 
analyzed  for  O,  and  CO,  using  Amate)<  S-3A/I 
oxygen  and  CD-3A  carbon  dioxide  analyzers 
(Amatek,  Pittsburgh,  PA),  respectively. 
Expired  gas  volume  was  measured  using  a 
gas  meter  (Rayfield  Equipment,  Waitsfield, 
VT) .  Blood  pressure  was  measured  using  a 
digital  blood  pressure  monitor  (Carolina 
Biological  Supply  Co.). 

Experimental  Protocol 

Each  subject  reported  to  the  laboratory  on 
three  separate  days  within  a  one-week 
period.  The  influence  of  circadian 
rhythms  on  body  temperature  was  controlled 
by  conducting  each  test  at  the  same  time 
of  day  (22)  .  Rewarming  methods  were 
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pr«Mnt«d  to  «ach  subject  in  random  order. 
The  three  methods  included  passive  heating 
(shivering  in  the  sleeping  bag) ,  active 
external  heating  (shivering  in  the 
sleeping  bag  with  external  heat  provided 
by  a  Heatpac) ,  and  active  internal  heating 
(shivering  in  the  sleeping  bag  with 
Heatpac  plus  Humlpac  attachment) .  The 
testing  protocol  consisted  of  IS  minutes 
of  rest  in  air  at  room  temperature  (23°C) , 
cold  water  immersion  (12.1°C)  for  up  to  85 
minutes,  four  to  eight  minutes  of 
transition  to  the  rewarming  t>ag,  and 
rewarmlng  for  120  minutes.  Measurements 
included  rectal  (T,,) ,  esophageal  (T^) ,  and 
mean  weighted  skin  temperatures  (T^i) 

(23),  as  well  as  heart  rate  (HR)  and 
oxygen  uptake  (VO,)  . 

Subjects  fasted  for  10  hours  prior  to  each 
test.  Upon  arrival  to  the  laboratory,  body 
weight  was  recorded.  Each  subject  then 
inserted  a  rectal  thermistor  to  a  depth  of 
20  cm.  An  esophageal  probe  was  inserted 
to  heart  level.  Skin  thermistors  were 
placed  on  the  forehead,  right  cheek,  right 
biceps,  right  chest,  right  front  mid¬ 
thigh,  and  right  back  mid-calf.  A  heart 
rate  telemetry  monitor  system  was  placed 
around  the  torso  at  chest  level.  During 
the  test,  each  subject  wore  a  bathing 
suit/shorts . 

Baseline  measurements  of  blood  pressure, 

T,.,  T„,  skin  temperatures,  HR,  and  VOa 
were  recorded  after  15  minutes  of  rest  at 
room  temperature  (23‘’C)  immediately  before 
cold-water  immersion.  Each  subject  then 
lowered  himself  into  the  cold  water  bath 
(12.1°C  i  1.3)  and  sat  on  a  chair  with  the 
water  level  up  to  the  apex  of  the  sternum. 
Recorded  cooling  time  began  once  the 
subject  was  seated.  The  subject  remained 
in  cold  water  until  either  his  rectal 
temperature  dropped  1°C  from  baseline,  he 
requested  to  get  out,  or  after  a  total 
elapsed  time  of  85  minutes.  During 
immersion,  HR,  T„,  T,,.  and  skin 
temperatures  were  recorded  every  five 
minutes.  At  the  end  of  immersion  (tiefore 
exiting  the  cold-water  bath),  VOj  was 
determined,  and  body  temperatures  were 
recorded  again. 

After  completion  of  the  cold-water 
immersion,  the  subject  climloed  out  of  the 
water  tank,  dried  off,  changed  into  dry 
shorts,  and  climbed  into  the  sleeping  bag 
placed  on  a  gurney.  Transition  time  into 
the  bag  ranged  from  four  to  eight  minutes. 
Skin  temperatures,  T,,,  and  T«  were 
recorded  at  five  minute  intervals 
throughout  rewarming.  VO,  was  determined 
at  15,  45,  90,  and  120  minutes  of 
rewarming . 

Rewarminq  Systems 

The  rewarming  systems  included-  1)  the 
sleeping  bag  (SB) ,  2)  sleeping  bag  with 
Heatpac  (HP)  (Alcatel  Innova,  Norway) ,  and 
3)  sleeping  bag  with  Heatpac  plus  Humipac 
attachment  (HHA)  (prototype  Alcatel 
Innova,  Norway) .  The  sleeping  bag  was  a 
USMC  extreme  cold  weather  bag  II,  weighing 
4.3  kg  and  rated  for  temperatures  to 
-50°F.  Insulation  consisted  of  waterfowl 


feathers,  down,  and  polyester  batting. 

The  Heatpac  (HP)  is  a  portable  heater 
weighing  750  g.  It  utilizes  heat  from  a 
slow-burning  stick  of  charcoal,  assisted 
by  a  battery-  (size  "D*.  dry  cell,  1.5  V) 
driven  fan.  The  fan  pulls  air  into  the 
unit  and  pushes  it  out  via  heat  tubes  or 
tentacles.  A  catalytic  converter  removes 
carbon  monoxide  and  other  gases  from  the 
burning  charcoal.  When  in  use,  four  heat 
tubes  or  tentacles  are  attached  to  the  HP- 
The  HP  is  placed  inside  the  sleeping  bag 
near  the  feet,  with  the  exhaust  vented 
outside  of  the  bag.  Inside  the  bag,  two 
tentacles  are  placed  along  the  sides  of 
the  body,  while  the  other  two  tentacles 
are  placed  on  the  inside  of  each  thigh. 

The  Heatpac  with  Humipac  attacfunent  (HHA) 
is  a  prototype  device  that  weighs  2.0  kg. 
Air  flows  from  the  HP  through  the  Humipac 
attachment  to  a  face  mask  from  which  the 
subject  inhales  and  exhales.  The  Humipac 
attachment  is  a’ double-tube  cylinder  (one 
tube  inside  the  other)  .  The  inner  cham)oer 
is  lined  with  a  moisture-absorbent 
material.  A  100  ml  plastic  reservoir  is 
connected  to  the  inner  chamber.  The 
reservoir  is  filled  with  water,  then 
•squeezed,*  pushing  water  into  an  inner 
chamber.  The  moisture-absorbent  material 
then  becomes  saturated;  absorption 
capacity  is  200  g.  During  operation,  warm 
air  flows  through  the  chamber  and  becomes 
saturated  with  water. 

During  rewarming  with  the  HHA,  a 
temperature  probe  was  placed  directly 
alKJVe  the  area  where  the  warm,  humidified 
air  first  exits  the  HHA.  The  mean  near- 
inspired  air  temperature  exiting  the  HHA 
was  50.9  »  (Fig.  1).  The  air  then 

travels  through  a  10  cm  rubloer  neck, 
through  a  two-way  valve,  and  into  the  face 
mask.  Preliminary  studies  on  the  HHA 
(unpublished  data)  reflect  actual  inspired 
air  temperatures  2  to  6°C  less  than 
temperature  coming  directly  out  of 
Humipac.  For  this  study,  the  range  of  air 
temperature  entering  the  mouth  ranged  from 
45.4  to  47.90c. 

In  this  study,  the  charcoal  fuel  element 
was  ignited  at  the  start  of  immersion, 
allowing  the  HP  and  HHA  to  warm  up  for  at 
least  40  minutes.  In  all  tests,  the  HP  or 
HHA  was  set  on  its  highest  temperature 
setting.  The  HP  produced  air  temperatures 
of  64.9  t  0.8°C  (Fig.  1) . 

During  rewarming,  the  HHA  is  placed  on  the 
subject's  chest.  The  subject's  nose  and 
mouth  are  covered  by  a  standard  oral-nasal 
mask,  and  the  subject  inhales  warm,  humid 
air.  Exhalation  is  vented  to  the 
atmosphere  by  a  two-way  valve  attached  to 
the  mask.  The  main  body  of  the  HHA 
generates  heat  to  the  chest  area.  The  HHA 
has  a  cloth  cover  over  the  HP  and  Humipac. 
During  each  test  the  relative  humidity  of 
the  air  going  to  the  subject  from  the  HHA 
was  checked  before  and  after  application, 
and  was  constant  at  100  percent.  All 
experiments  were  conducted  at  an 
environmental  temperature  of  23°C. 
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Staci»tical  Analysis 

Data  vMr«  analyzed  using  repeated  measures 
multivariate  analysis  of  variance 
(NAMOVA) .  The  alpha  level  was  set  at 
O.OS.  The  rate  of  rewarmlng  was 
calculated  using  the  rewarming  slope 
(regression  line)  of  the  three  rewaming 
methods . 

IISSULTa 

Cold-water  immersion  ranged  from  40  to  85 
minutes  (71.1  _+  15.0  min).  During 
immersion,  T„ 'and  T.,  initially  increased 
above  baseline  values  in  all  subjects. 
After  5  to  15  minutes  of  cold-water 
imnersion,  T,,  and  began  to  decrease. 

However,  at  the  end  of  cold-water 
imnersion,  T^,  and  remained  above 

baseline  values  in  five  and  three  of  18 
tests,  respectively.  T,,  decreased  loc  in 
four  tests  whereas  decreased  in  one 
test  (Table  2)  . 

Rgwa£mina_Resgonges 

All  subjects  shivered  vigorously  during 
the  initial  stages  of  rewarmlng.  However, 
the  intensity  of  shivering  decreased  with 
gradual  rewarming  of  the  body.  Rewarming 
for  120  minutes  with  all  three  methods  was 
associated  with  significant  (p<0.0l)  and 
progressive  increases  in  T„,  T„,  and  T— >. 
As  rewarmlng  progressed,  VO,  decreased 
significantly  (p<0.01)  in  all  three 
rewarming  treatments,  but  no  difference 
bf'Cween  treatments  occurred  (Fig.  2). 

Afterdrop  in  T„  was  0.6  t  0.3°C  with  the 
HHA,  0.8  1  0.5“C  with  the  HP,  and  0.8  ± 
with  the  SB.  AfCerdrop  in  T„  was 
0.7  t  0.4®C  with  the  SB,  0.7  t  0.2°C  with 
the  HHA,  and  1.1  t  0.3°C  with  the  HP  (Fig. 

3) .  No  significant  differences  in 
afterdrop  were  found  among  the  three 
rewarmlng  methods  in  T„  or  T,, . 

Analysis  of  the  interaction  effect  between 
rewarming  time  and  rewarming  method 
reveals  that  rewarming  occurred  faster 
with  HHA  compared  to  HP  (p<0.01)  and  SB 
(p<0.01).  With  the  application  of  the 
HHA,  HP,  and  SB,  T„  rewarmed  at  1.4°C-hr  ‘, 
l.2°C  hr',  l.l“C-hr'‘  respectively  (Fig. 

4) .  With  the  application  of  the  SB,  HHA, 
and  HP,  T„  rewarmed  at  2.0°C.hr'‘, 
1.6°C-hr‘‘,  and  1.2°C  hr‘‘  respectively 
(Fig.  5).  The  application  of  the  SB 
method  rewarmed  subjects  significantly 
faster  (p<0.0l)  than  HP. 

with  the  application  of  the  HHA,  SB,  and 
HP,  the  condition  mean  for  T„  was  36.4  ± 
0.2°C,  36.3  ±  0.2OC,  and  36.3  ±  0.2oc, 
respectively.  The  T„  with  the  HHA  was 
higher  (p<0.02)  than  with  the  HP.  The  T„ 
condition  mean  for  HHA  was  similar  to  T., 
with  the  SB.  With  the  application  of  the 
HHA,  SB,  and  HP,  the  condition  mean  for  T„ 
was  36.2  t  0.4°C,  36.1  ±  0.3°C,  and  36.0  ± 
0.2°C,  respectively.  The  T„  with  the  HHA 
was  higher  (p<0.02)  than  the  T„  with  the 
HP.  The  T„  condition  mean  for  HHA  was 
similar  to  T„  with  the  SB. 


The  rewarming  rate  for  T^  was  similar 
among  the  three  rewarming  methods  (Fig. 

6).  However,  the  condition  mean  for  T.^ 
was  32.0  t  1.4°C  for  HP,  31.6  t  0.5»C  for 
HHA,  and  30.4  ±  1.2°C  for  SB;  with  the  HP 
greater  (p<0.01)  than  the  SB,  and  the  HHA 
(p<0.0S)  greater  than  the  SB. 

OISCOMIOM 

This  study  compared  three  different 
strategies  applicable  to  rewarming 
individuals  in  the  field.  Our  analysis 
suggests  the  HHA  is  the  most  effective  and 
safest  rewarming  method. 

Investigators  have  shown  that  T^  is  the 
more  reliable  estimation  of  core 
temperature  (24,25).  When  using  T„,  the 
findings  suggest  that  the  HHA  rewatmed 
subjects  faster  and  tended  to  have  a  lower 
(although  not  significant)  afterdrop  then 
either  the  HP  or  SB.  An  un)tnown  portion 
of  this  afterdrop  occurred  prior  to 
commenc^ent  of  the  treatments.  Using  a 
larger  sample  size  in  future  studies  may 
show  a  significant  reduction  in  afterdrop 
for  T„  in  these  different  conditions. 

External  heating  using  the  HP  system 
significantly  increased  T_,. .  However,  the 
external  heating  appeared  to  suppress  the 
rise  in  core  temperature  as  indicated  tjy 
the  changes  in  T„  and  T,, .  The  T^  with 
HHA  was  higher  than  with  the  SB;  with  the 
HHA  the  core  temperatures  were  higher  or 
similar  to  the  temperatures  associated 
with  the  SB  or  HP.  The  HHA  warms  the  s)cin 
surface  more  than  the  SB,  and  raises  core 
temperature  more  than  the  HP.  When 
significant  differences  are  computed  for 
Tm-  Tr,,  and  T^,  the  HHA  is  either  similar 
or  faster  at  rewarming  than  the  SB  or  HP. 
In  addition,  the  treatment  for  T,,,  T„,  and 
T«ii  were  similar  or  higher  for  the  HHA 
than  the  SB  or  HP. 

In  conclusion,  the  Heatpac  with  the 
Humipac  attachment  supplying  warm, 
humidified  air,  may  be  the  preferred 
rewarming  device  for  use  in  the  field,  but 
further  research  is  necessary. 
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Table  1.  Physical  characteristics  oE  the  subjects 


Table  2.  Baseline  to  end  of  immersion  changes  (n=18  tests) 


Measurement 


T„  (°C) 


vOj  (l-min'M 


HR  (bpm) 


Baseline 


37.0  ♦  0.2 


36.8  ±  0.2 


29.1  t  1.1 


0.35  ±  0.05 


68  i  10 


End  of  Immersion 

36.6 

± 

0.6 

36.5 

♦ 

0.6 

18.8 

t 

1.3 

1.08 

± 

0.29 

77 

± 

8 

Difference 


0.4  t  0.5 


.3  i  0.5 


10,4  t  2.9* 


0.73  ♦0.28* 


9  1  14 


1  Subject 

Age 

Height 

Weight 

Body  Fat 

(yrs) 

(cm) 

()tg) 

(%) 

1 

34 

186.1 

93.6 

17.6 

2 

35 

170.2 

70.6 

9.0 

3 

25 

184.2 

89.8 

23.1 

4 

35 

181.6 

89.6 

16.9 

5 

29 

168.9 

jO.6 

17.9 

6 

29 

175.9 

106.3 

24.4 

MeaniSD 

3i±2 

177 .8±3 .0 

88.4*4.9 

18.1*2.2 

Fig.  1  Heatpac  Tentade  and  Humipac  Near-inspired 
Air  Temperature 


Noto:  Biiiin  and  i>d  tmimfston  toorw  tor  HHA  SB  (ring),  md  HP  {nm6)  wf  wMIm.  D  mint  and 

and  hinnafiion  aoofaa  wan  (Manninad  uilnQ  nail. 
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SUMMARY 

It  has  been  suggested  that  hypothermic  individuals  could 
be  actively  rewarmed  in  the  field  by  immersion  of  only 
the  extremities  (hands  and  feet)  in  hot  water.  If 
successful  this  technique  would  have  enormous  potential 
in  the  pre-hospital  and  hospital  care  of  the  victims  of 
accidental  hypothermia. 

The  theory  is  that  local  heat  to  the  extremities  results  in 
opening  of  the  arteriovenous  anastomoses  with  return  of 
warmed  blood  directly  to  the  core,  via  the  superficial 
veins,  bypassing  the  intervening  cold  peripheral  tissues. 

A  comparison  of  four  techniques  for  rewarming  subjects 
with  lowered  cote  temperatures  has  been  undertaken.  The 
techniques  examined  were:  immersion  to  the  neck  in 
water  at  40  *C.;  ittunersion  of  one  hand  in  water  at  40 
*C.;  immersion  of  two  hands  plus  forearms  in  water  at 
42  *C.:  passive  rewarming.  During  rewarming  core  and 
skin  temperatures,  heart  rate,  blood  pressure,  oxygen 
consumption  and  peripheral  blood  flow  were  measured  at 
freqirent  intervals. 

No  significant  difference  (P  >0.0S)  was  shown  in 
change  in  core  temperature  between  passive  rewarming, 
inunersion  of  one  band  in  water  at  40  "C  or  immersion 
of  both  hands  and  arms  in  water  at  42  °C.  In  the  later 
comlition  some  increase  in  peripheral  blood  flow  to  the 
hands  did  occur  which  may  have  provided  a  heat  input  of 
11.8  Watts  but  any  benefit  is  negated  by  an  associated 
decrease  in  intrinsic  heat  production  due  to  suppression 
of  shivering.  Immersion  to  the  neck  in  hot  water  was  by 
ht  the  most  effective  rewarming  technique. 

It  is  concluded  that  band  rewarming,  although 
theoretically  attractive,  does  not  work  in  practice  and 
may  even  be  detrimental  in  some  circumstances,  by 
suppressing  intrinsic  heat  production. 

INTRODUCTION 

The  best  method  of  rewarming  victims  of  accidental 
hypothermia  remains  the  subject  of  much  debate.  Some 
argue  that  the  rapid  restoration  of  normal  or  near  normal 
core  temperature  confers  an  advantage  by  minimising  the 
risk  of  life  threatening  complications,  such  as  cardiac 


arrhythmias  (1,2).  others  favour  slow  spontaneous 
rewarming  which  they  claim  minimises  the  risk  of  poet 
rescue  collapse  (3). The  arguments  for  and  against  have 
been  extensively  reviewed  by  Golden  (4).  The  method  of 
choice  varies  according  to  the  state  of  the  victim,  the 
expertise  and  facilities  available  and  the  previous 
experience  of  the  involved  personnel. 

Immersion  to  the  neck  in  hot  water  (40-42  *C)  has 
proved  an  efficient  and  simple  method  of  rewarming 
conscious  victims,  but  is  difficult  to  achieve  in  the  field 
and  poses  major  problems  to  continuous  patient 
monitoring  and  treatment.  More  invasive  procedures, 
such  as  peritoneal  or  thoraco/pleural  lavage  with  warmed 
fluids,  haemodialysis  and  cardio-pulnaonary  bypass,  as 
recommended  by  the  American  Heart  Association  (S), 
require  sophisticated  facilities  and  skilled  practitioners. 
These  techniques  have  no  place  in  the  field  or  in  transit. 
External  rewarming  with  beat  sources  and  blankets  has 
proved  inefficient  (6). 

It  has  been  suggested  that  hypothermic  patients,  in  the 
absence  of  cardiac  standstill,  could  be  actively  rewarmed 
by  immersion  of  the  extremities  (hands  and  feet)  in  hot 
water  (7).  If  successful  this  technique  would  have 
enormous  potential  in  the  pre  and  hospital  care  of  the 
victims  of  accidental  hypothermia.  It  would  require  little 
or  no  specialised  equipment  or  expertise  and  could  be 
utilised  in  virtually  any  situation.  In  addition  the  torso 
and  proximal  limbs  would  remain  available  for 
monitoring,  treatment  and  resuscitation. 

The  theory  underlying  this  technique  is  that  local  beat  to 
the  extremities  stimulates  opening  of  the  arteriovenous 
anastomoses  in  the  periphery.  As  a  consequence  the 
blood  flowing  to  the  periphery  is  warmed  in  its  passage 
through  the  immersed,  heated  extremity.  There  is  some 
evidence,  from  thermographic  studies,  that  warmed  blood 
returns  to  the  core  via  superficial  veins,  bypassing  cold 
intervening  tissues,  and  provides  warmth  directly  to  the 
core  (8). 

The  conclusions  that  underpin  the  technique,  however, 
arise  from  data  obtained  from  subjects  with  undefined  or 
normal  core  temperatures.  It  was,  therefore,  decided  to 
evaluate  the  technique  in  a  series  of  experiments  in 
subjects  pre-cooled  by  immersion  in  cold  water. 


PrtsemedatanACARD  Meeting  on  The  Suf^ton  of  Air  Openaions  under  Extreme  Hot  and  Cold  Weather  Conditions’,  May  1993. 
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In  wparimwitt  1,  2  and  4  the  value  of  differeal  haod 
nwanaiag  technkmea  was  compared  with  head  out 
immenioa  io  hot  water  and  spootaneous  rewanniag  with 
dw  aim  of  determining  where  between  these  two 
extremes  rewarming  by  hand  immersioo  fell.  In 
experiment  3  the  possibility  of  opening  the  peripheral 
vasculature  and  thereby  supplying  heal  to  the  core  of 
generally  cooled  individuals  was  investigated.  Such  a 
response  would  be  essential  if  profoundly  cooled 
individuals  were  to  benefit  from  immersion  of  the  limbs 
in  hot  water. 

METHODS 

Four  experiments  were  undertaken  involving  19  male  and 
3  ferrule  volunteers,  involving  a  total  of  94  immersions. 

Subjects: 

All  the  subjects  were  fully  medically  examined  and  gave 
full  written  informed  consent  to  the  experinuntai 
procedure. 


each  method  the  subject  was  naked  save  for  swimming 
mgtiimc  and  rested  in  a  semi-recumbent  positioo,  either 
in  a  large  insulated  bath  or  on  an  upholstered  couch  in 
the  laboratory.  The  ambient  temperature  was  controlled 
to  20  ‘C.  Rewarming  was  continued  until  the  subject’s 
core  temperature  was  rising  and  he  was  comfortable.  If 
rewanning  was  not  achieved  within  a  30  minute  period 
then  the  procedure  was  abandoned  and  the  subject  was 
placed  in  a  hot  bath  until  his  core  temperature  was  rising 
and  he  was  comfortable. 

Experiment  two: 

Four  different  healthy  nule  subjects  were  cooled  as  in 
experiment  one,  on  four  occasions  each  (16  immersiotu). 
Following  cooling  they  were  "rewarmed*  by  one  of  four 
methods; 

I .  Active  external  lewarming  by  immersion  of  one  haod 
in  a  stirred  water  bath  at  40  ’C  (40.1,  SD  0.22)  whilst 
wrapped  in  a  padded  rescue  blanket  in  a  warm  room  at 
20  *C  (20.2,  SD  0.68). 


Males:  n  =  19 

Mean  age:  26  (SD  S) 

Mean  height  1 76cm  (SD  S) 
Mean  weight  82Kg  (SD  12.4) 


Females:  n  =  3 
21  (SD  5) 
172cm  (SD  4) 
63Kg  (SD  8) 


2.  Active  external  rewanning  by  imntersion  of  both 
hands  in  stirred  water  baths  at  40  *C  (40.1,  SD  0.22) 
whilst  wrapped  in  a  padded  rescue  blanket  in  a  warm 
room  at  20  ‘C  (20.2,  SD  0.68). 

3.  Active  external  rewarming  by  immersion  to  the  neck 
in  a  bath  of  stirred  water  at  40  *C  (39.9,  SD  0.28). 


Mean  fat 

thickness(9)  17.4*  (SD  3.9)  27.8%  (SD  2.3) 

Experiment  one: 

Six  healthy  male  subjects  were  used.  Each  was  cooled, 
by  immersion  in  cold  water  at  10  “C,  whilst  dressed  in 
a  dry  suit  ensemble,  on  six  occasions  separated  by  at 
least  24  hours  (36  immersions).  The  core  temperature  of 
all  subjects  was  lowered,  but  for  ethical  reasons  was  not 
allowed  to  fall  below  35  °C,  measured  rectally,  before 
removal  from  the  cold  environment.  After  each 
immersion  the  subject  was  ’rewarmed'  by  one  of  three 
methods  dictated  by  the  experimental  design: 

1 .  Passive  external  rewarming  by  wrapping  in  a  padded 
rescue  blanket  in  a  room  at  20  ‘C  (20.4,  SD  2.26). 

2.  Active  extenuil  rewarming  by  immersion  to  the  neck 
in  a  bath  of  stirred  water  at  40  ®C  (39.8,  SD  0.35). 

3.  Active  external  rewarming  by  immersion  of  one  hand 
in  a  stirred  water  bath  at  40  ®C,(40,  SD  0.14),  whilst 
wrapped  in  a  padded  rescue  blanket  in  a  warm  room  at 
20  ‘C  (20.4,  SD  2.26). 

Each  subject  was  'rewarmed'  by  each  method  twice.  For 


4.  Passive  external  rewarming  by  wrapping  in  a  padded 
rescue  blanket  in  a  warm  room  at  20  ®C  (20.2,  SD 
0.68). 

Each  subject  was  'rewarmed'  by  each  method  once  and 
rewarming  was  continued  to  the  same  end  point  used  in 
experiment  one. 

Experiment  three: 

A  further  six  healthy  male  and  female  subjects  were 
used.  Each  underwent  a  single  seated  head-out  immersion 
in  stirred  water  ranging  in  temperature  from  40  to  15  ®C. 

Following  the  collection  of  base  line  data  in  air  at  20  ®C, 
the  subjects  were  immersed  to  the  mid  chest  in  stirred 
thermo-neutral  water  (35.5  ®C),  in  an  insulated  bath. 
After  the  collection  of  post-immersion  data,  the  water 
temperature  was  raised  over  5  minutes  to  40  *C.  The 
subjects  core  temperature  was  allowed  to  rise  by  half  to 
one  degree,  and  then  cooling  was  commenced  by 
lowering  the  bath  temperature  to  IS  °C  over  5  minutes. 

Cooling  was  continued  for  45  minutes,  but  at  minute  25 
both  arms  were  placed,  to  the  elbow,  in  insulated  water 
baths  at  42  ®C. 


AAsr  45  niautM  the  watar  tenpenhu*  wM  acaia  railed 
to  40  *C  aad  nwarauag  continued  until  the  core 
teraperaturae  vwre  appraeching  aormni. 

Eapiritowt  four: 

Six  diffenot  healthy  male  subjecte  were  cooled  aa  in 
experiment  one.  on  six  occasioos  each  (36  immersions). 
Following  this  they  were  ‘rewarmed*  by  one  of  three 
methods: 

1.  Passive  external  rewarming  by  wrapping  in  a  padded 
rescue  blanket  in  a  warm  room  at  20  *C  (20.2,  SD 
1.37). 

2.  Active  external  rewanning  in  a  bath  of  stirred  water 
at  40  *0(40.1 .  SD0.35). 

3.  Active  external  rewanning  by  immersion  of  both 
hands  and  forearms  in  stirred  water  baths  at  42  *C  (42.1, 
SD  0.2S),  whilst  wrapped  in  a  padded  rescue  blanket  in 
a  warm  room  at  20  *C  (20.2,  SD  1.37). 

Each  subject  was  ’rewarmed'  by  each  method  twice  and 
rewarming  was  continued  until  the  core  temperature  was 
rising  and  the  subject  comfortable.  If  rewarming  was  not 
achieved  within  one  hour  then  the  procedure  was 
abandoned  and  rewarming  in  a  hot  bath  substituted. 

Physiological  variables  monitored: 

The  physical  characteristics  of  each  subject  were 
measured  •  naked  weight,  age,  height  and  skin  fold 
thickness  measured  at  four  sites  using  callipers  (9). 

The  following  physiological  variables  were  monitored 
during  the  course  of  the  experiments: 

Heart  rate  -  from  a  continuously  recorded  3  lead  ECG 
(Tektronix  408  Monitor,  Beaverton,  OR,  USA;  Gould 
2600S,  Ohio,  USA). 

Core  temperature  -  measured  using  a  rectal  thermistor 
(accurate  to  0.04  °C)  inserted  13  cm  beyond  the  anal 
margin  and  an  aural  thermistor  (accurate  to  0.04  *C) 
insulated  and  secured  close  to  the  tympanic  membrane. 
Both  were  recorded  every  minute  (Squirrel  Data  Logger, 
Grant  Instruments,  Cambridge,  UK).  In  addition  in 
experiment  three  a  gastric  telemetry  pill  thermistor  was 
used  and  data  recorded  every  five  minutes. 

Skin  temperature  -  measured  by  skin  thermistors  attached 
by  a  single  piece  of  tape  to  nine  sites:  Forehead;  Chest  - 
Scm  above  the  right  nipple;  Forearm  -  Scm  proximal 
and  midway  between  the  redial  styloid  and  the  ulna 
styloid;  Centre  of  the  back;  Abdomen;  Mid  right  buttock; 
Mid  front  of  thigh;  Mid  back  of  thigh;  Mid  calf.  All 
temperatures  were  recorded  every  minute  on  a  data 


logger  (Grant  Irutrumeots,  Cambrid^.  UK),  la 
experiment  three  only  four  sites  ware  used:  Forehead; 
Cheat;  Hand;  Foot. 

Blood  pressure  -  meaaurad  ttoo-iovaaively  by  oacilkmietry 
via  a  cuff  placed  on  the  left  upper  arm  (Diaamap  845, 
Applied  Medical  Research,  Florida,  USA),  and  recorded 
every  five 

Digital  Mood  flow  -  measured,  qualitatively,  by  infra-red 
photo-plethysmography  from  tranaducen  placed  oa  the 
pulps  of  both  thumbs  and  recorded  coatiauously  on  a  two 
chaimel  racordm  (Vasculab  PPG13.  PH77  acnsMS,  R12B 
recorder.  Medaaonics,  California,  USA). 

Oxygea  consumption  -  calculated  by  analysis  of 
pneumotachograph  volumes  and  mixed  oxygea  aad 
carbon  dioxide  concentrations  recorded  continuously  from 
a  mixing  box  placed  on  the  expiratory  side  of  a 
mouthpiece  assembly.  Values  were  calculated  from  data 
recorded  at  five  minute  intervals  throughout  the 
experiment  (Gould  2600S  Recorder,  Ohio,  USA). 

In  experiment  four,  only,  thermal  comfort  was  assessed 
using  a  linear  analogue  scale  and  recorded  every  five 
minutes. 

Materials: 

The  rescoe  blanket  used  in  all  experiments  was  Nylon 
covered,  of  quilted  construction,  and  filled  with  two 
layers  of  shredded  metal  foil  separated  by  cloth  wadding. 

The  rewarming  bath  was  insulated  and  stirred  by  a 
circulating  punq>.  The  water  temperature  was  controlled, 
by  a  folly  automatic  biomechanical  Tipton  Valve,  and 
monitored  by  three  thermistors  spaced  at  points  along  its’ 
length. 

The  hand  baths  were  insulated  containers  supplied  from 
a  thermostatically  controlled  beating  reservoir  by  a 
mixing/circulating  system  (Cahill).  The  temperature  was 
monitored  continuously  in  all  three  tanks  in  the  system. 
In  experiment  three  the  containers  were  placed,  partially 
submerged,  on  either  side  of  the  subject  in  the  insulated 
bath. 

RESULTS 

Analysis  of  the  data  was  performed  by  repeated  measures 
ANOVA.  All  results  are  quoted  at  tte  5%  level  of 
significance  unless  stated  otherwise. 

In  all  experiments  the  aural  temperature  data,  and  in 
experiment  three  the  gastric  telemetry  pill  data,  supported 
the  rectal  temperature  data,  therefore,  only  this  data  is 
quoted. 
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bi  expafimcBte  om,  two  and  four  immersioa  to  the  neck 
in  hot  water  waa  aaan  to  effect  rapid  rewamiing  of  all  the 
aubjecta  within  30  minutea  and  in  noat  inatancea  within 
20  minutea  Rapid  and  progressive  vasodilatation,  to 
maaimiim  vaandilatation.  occurred  with  increasiag  IR 
piethysinograph  amplitude,  felling  diastolic  blood 
pressure  and  increasing  heart  rate.  Following  a  short 
lived  afterdrop,  the  core  temperature  was  seen  to  rise 
rapidly  at  a  constant  rate,  (Fig  1).  The  procedure  was 
diacorrtinued  when  the  sutgect  began  to  feel 
uncomfortably  hot  which  corresponded  with  a  liaiug  cote 
temperature  of  approximately  36.S  "C. 

In  experiment  one,  comparison  of  passive  rewanniug  and 
active  rewarming  by  immersion  of  one  hand  in  hot  uoUer 
demonstrated  no  significant  difference  between  the 
techniques.  In  both  conditions  the  core  temperature 
remained  constant  or  fell  gradually  over  the  30  minute 
period,  (Fig  2).  Heart  rate  fell  to  low  levels  (  mean 
S3.S4,  SD  4.S1 ),  diastolic  blood  pressure  remained  high 
(  mean  92.81,  SD  8.71  ),  and  there  was  tto  evidertce  of 
increased  digital  blood  flow  even  in  the  hands  inuttersed 
in  hot  water. 

Similarly,  in  experiment  two,  there  was  no  significant 
difference  between  passive  rewarming  and  active 
rewarming  by  immersion  of  one  or  two  hands.  Again  the 
core  temperature  renuiined  constant  or  fell  a  little 
gradually  over  the  30  minute  period.  The  physiological 
variables  showed  the  same  changes  as  in  experiment  one. 
An  impression  was  gained  that  the  gradual  fall  in  core 
temperature  was  mote  marked  in  the  hand  immersed 
conditions.  In  all  conditions  the  subjects  were 
comfortable  and  feeling  'warmer*  at  the  end  of  30 
minutes  despite  their  lowered  and  falling  core 
temperatures. 

In  experiment  three,  the  immersion  of  both  hands  and 
arms  in  hot  water  during  cooling  of  the  subjects  resulted 
in  a  increase  in  the  rate  of  cooling,  (Fig  3).  The  rate  of 
fall  of  average  rectal  temperature  in  the  ten  minutes 
before  immersion  of  the  hands  (IS  to  2S  minutes)  being 
0.6  "C.h’',  and  after  itiunersion  of  the  bands  (3S  to  4S 
minutes,  once  the  new  rate  of  cooling  had  been 
established)  being  I.S  'C.  There  was  no  increase  in 
digital  blood  flow  with  immersion  in  hot  water  whilst 
cooling  was  in  progress. 

In  experiment  four,  comparison  of  passive  rewarming 
with  active  rewarming  by  immersion  of  both  hands  and 
arms  in  hot  water  showed  a  slight  increase  in  digital 
perfusion  in  the  hands-in  condition.  There  was  an  initial 
increase  within  S  minutes  followed  by  a  fall  and  then  a 
further  increase  from  IS  minutes  onwards.  Although  the 
plethysmograph  amplitudes  were  significantly  higher 
compared  with  the  passive  condition,  at  no  time  did  they 
approach  those  seen  in  full  vasodilatation  associated  with 
bath  rewarming,  (Fig  4).  Only  one  subject  rewarmed 


during  the  60  minute  period  but  did  so  equally  in  the 
passive  and  passive  plus  hatkd  in  condition.  The  others  all 
experienced  a  fall  in  core  temperature  and  there  was  no 
significant  differettce  between  the  two  conditions,  in 
either  absolute  values  or  rate  of  change  in  temperature, 
(Fig  S).  Heart  rate  remained  low,  but  there  was  a  gradual 
irKrease  in  the  hands  in  condition  resulting  in 
significantly  higher  rates  at  the  end  of  the  experiment. 
Diastolic  blood  pressures  were  normal  to  high  in  both 
conditioru  and  there  was  iw  signifkant  difference 
between  die  values  in  the  condittons  by  the  end  of  the 
experiment.  Oxygen  consumption  was  consistenUy  lower 
in  the  hands  in  condition  after  10  minutes.  On  average, 
from  10  to  60  minutes,  2.1  litres  less  oxygen  was 
consumed  in  this  condition,  this  is  equivalent  to  42.4  K 
Joules  less  heat  production. 

DISCUSSION 

The  concept  of  rewarming  victims  of  accidental 
hypothermia  by  hand  and/or  foot  immersion  in  hot  water 
appears  very  attractive,  with  potential  to  be  of  major 
benefit  in  emergency  medicine.  This  prompted  the 
reported  series  of  experiments. 

The  initial  experiments  demonstrated  no  significant 
benefit  to  the  technique  during  the  first  30  minutes  after 
removal  from  the  cold  environment,  over  wrapping  in  an 
efficient  insulating  blanket.  The  act  of  immersing  one  or 
two  hands  in  water  at  40  degrees  C  did  make  the  subjects 
feel  a  little  'warmer  and  more  comfortable'  but  appeared 
to.  if  anything,  inhibit  intrinsic  heat  production  by 
shivering.  This  hypothesis  was  strengthened  by  the  data 
from  experiment  three.  Vanggaard  and  Gjerloff  (1979) 
reported  that  the  fall  in  deep  body  temperature,  caused 
by  inunersion  to  the  neck  in  water  at  IS  degrees  C,  could 
be  nearly  stopped  by  exposing  the  hands  to  circulating 
water  at  4S  degrees.  Their  experiment  was  repeated, 
however,  the  subjects  could  not  tolerate  placing  their 
hands  in  water  hotter  than  42  degrees  C.  At  this 
temperature,  despite  the  subjects  having  the  forearms 
immersed  also,  the  rate  of  cooling  was  accelerated.  The 
subjects  experienced  an  increase  in  thermal  comfort 
subjectively  and  were  noted  to  stop  shivering  or  to  shiver 
less  vigorously. 

During  the  first  two  experiments  the  'rewarming*  period 
was  short  and  only  one  or  both  hands  (approxinuitely  3 
or  6%  total  body  surface  area  respectively)  were 
immersed.  It  was  decided  to  increase  the  area  immersed 
to  both  hands  and  forearms  (approximately  12%  TBSA) 
and  increase  the  water  bath  temperatures  to  42  degrees 
(maximum  temperature  tolerated  by  subjects)  for 
experiment  four.  These  changes  did  not  produce  any 
significant  differences  in  core  rewarming,  although  some 
increase  in  digital  skin  blood  flow  was  seen.as  measured 
by  IR  plethysmography.  The  increases  in  plethysmograph 
amplitudes  were  sub-maximal  compared  with  those  seen 
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ia  bath  lewanniiig.  The  increase  in  plethysmograph 
amplitudea  is  supported  by  the  increase  in  heart  rate  in 
the  hands  in  condition  and  suggests  an  itKtease  in 
;ienphetal  blood  flow,  however,  the  (tecrease  in  oxygen 
consumption  caused  by  heating  the  immersed  area  to  42 
*C  ^ipeared  to  counter  any  advantage  gained.  If  it  is 
asstuned  that,  as  the  cote  temperatures  did  not  differ 
between  conditions,  the  decreased  heat  production  was 
balanced  by  heat  from  the  hands,  then  the  theoretical 
maximum  heat  gain  from  hand  immersion  in  the 
condition  of  experiment  four  was  11.8  Watts.  This  is  a 
very  tough  approximation  which  includes  several 
assumptions,  but  does  give  an  indication  of  the  heat 
which  might  be  gained  from  the  arms.  These  figures 
contrast  with  the  198  Watts  which  can  be  lost  by  cold 
immersion  of  the  hands  of  individuals  who  are  maximally 
vasodilated  as  a  result  of  exposure  to  heat  (10).  It  is 
believed  that  any  local  influence  on  peripheral  vasomotor 
tone  is  overridden  by  centrally  mediated  vasoconstriction 
due  to  low  and/or  Mling  core  temperature.  This 
overriding  central  stimulus  would  have  been  greater  in 
experiment  three  where  active  cooling  continued,  which 
explains  why  no  itKtease  in  digital  skin  blood  flow  was 
seen  despite  the  hand  bath  temperatures  being  at  42 
degrees,  in  these  subjects. 

The  data  was  obtained  from  subjects  with  defined, 
lowered  core  temperatures  but  due  to  ethical 
considerations  it  was  not  possible  to  lower  temperatures 
to  hypothermic  levels  (less  than  35  degrees  C).  It  is 
possible  that  an  alteration  in  the  central  control  of 
peripheral  blood  flow  may  occur  at  lower  core 
temperatures  which  would  allow  larger  increases  in 
locally  stimulated  limb  blood  flow,  but  it  is  believed  that 
there  is  insufficient  transport  of  heat  to  the  core  to 
significantly  accelerate  rewanning  and  that  the  associated 
suppression  of  intrinsic  heat  production  is  detrimental  to 
rewarming. 

CONCLUSION 

Previous  experimental  work  on  active  external  rewarming 
by  the  immersion  of  the  hands  has  been  undertaken  on 
subjects  with  normal  or  unspecified  core  temperatures. 
For  hand  rewarming  to  be  of  beiKfit  in  the  treatment  of 
victims  of  accidental  hypothermia  it  must  be  shown  that 
the  peripheral  vasculature  can  be  opened  and  the 
extremities  perfused  when  the  core  temperature  is  below 
normal.  The  results  of  the  studies  undertaken  within  the 
present  investigation  suggest  that  if  this  does  occur  the 
levels  achieved  are  insignificant. 

It  is  therefore  coiKluded  that  hand  rewarming,  although 
theoretically  attractive,  does  not  work  in  practice  and 
may  even  be  detrimental  in  some  circumstances,  by 
suppressing  intrinsic  heat  production. 
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Fig.  1.  Average  rectal  temperature  during 
rewarming  by  immersion  in  hot  water  (n=12) 
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Hand  immersion:  one  hand,  Tw  40  deg.C 

Fig.  2.  Average  rectal  temperature  during 
rewarming  following  cooling  in  cold  water 
(Experiment  1,  n=6) 


Arms  immersed  at  25  mins  into  water  (Tw  42  C) 

Fig  3.  Average  rectal  temperature  during 
immersion  in  cold  water  with  and  without  hand 
and  forearm  heating  (Experiment  3,  n=6) 
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Hand  immersion:  both  hands/forearms.  Tw  42  deg.C 

Fig  4.  Average  photoplethysmograph  amplitudes 
during  rewarming  following  cooling  in  cold  water  • 

(Experiment  3,  n=6) 
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Hand  immersion:  both  arms/forearms.  Tw  42  deg.C 

Fig  5.  Average  rectal  temperatures  during 
rewarming  following  cooling  In  cold  water 
(Experiment  3,  n=6) 
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SUMMARY 

This  purpose  of  this 
presentation  is  to  describe  the 
medical  support  that  was 
provided  to  the  Apache  Attack 
Helicopter  battalions  during 
Desert  Shield  and  Desert  Storm, 
to  describe  some  medical 
problems  associated  with  the 
deployment  in  this  environment, 
and  to  suggest  areas  that  might 
be  fruitful  for  further  study 
or  research. 

INTRODUCTION 

Probably  the  most  important 
factor  related  to  decreasing 
casualties  in  a  war  is  winning 
it  (1) .  While  this  axiom  makes 
intuitive  sense  to  commanders 
and  soldiers,  it  seems  to  make 
many  military  medical  personnel 
uncomfortable;  it  is  none  the 
less  true.  It  logically 
follows  that  medical  planners, 
practitioners,  and  especially 
researchers  must  recognize  that 
their  ultimate  responsibility 
is  to  enhance  the  commanders' 
ability  to  prosecute  the  war 
successfully.  They  must  first 
understand  the  mission  of  the 
type  unit  they  plan  to  support, 
and  the  resources  available  (in 
terms  of  personnel,  weight, 
cost,  space  requirements  etc) 
in  order  to  be  successful. 

The  Army  has  generic 
medical  support  plans  for  all 
size  units,  from  platoon  to 
corps  level(2).  Basically, 
battalion  level  medical  support 


consists  of  an  aid  station, 
stocked  with  first  aid  and 
general  medical  supplies,  and 
staffed  by  a  physician  or 
physician's  assistant.  The  aid 
station  may  be  physically 
located  in  a  tent,  the  back  of 
a  truck,  or  a  building, 
depending  on  the  type  of  unit 
(aviation,  infantry,  armor  or 
other)  and  environment. 
Enlisted  medics  may  be  assigned 
individually  to  companies  or 
platoons  to  provide  initial 
casualty  treatment,  and 
evacuation  to  the  aid  station 
if  required,  or  they  may  work 
in  the  aid  station  itself.  In 
general,  the  aid  station  is 
located  in  the  battalion  rear 
area,  and  forward  deployed 
medics  bring  the  sick  and 
wounded  soldiers  to  the  aid 
station.  Doctrinally,  further 
evacuation  to  the  rear  will  be 
provided  by  higher  level 
evacuation  coming  forward  to 
pickup  casualties. 

Aviation  battalions, 
especially  attack  helicopter 
battalions,  are  unique  among 
Army  units.  Numerically,  they 
are  much  smaller  than  ground 
units,  having  less  than  300 
people  assigned.  For  short 
periods  of  time,  they  are 
expected  to  be  able  to  deploy 
independently  of  the  rest  of 
the  brigade  or  Division,  with 
their  own  fuel,  ammunition, 
communication  and  of  course, 
medical  support.  Because  the 
unit  moves  by  very  disparate 
means  (ie,  aircraft  and  wheeled 
vehicles)  it  does  not  move  as  a 
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unit;  the  35-40  aircraft  can 
easily  outdistance  the  100 
trucks  and  trailers  by  several 
days.  During  novenent,  there 
must  be  some  level  of  medical 
support  in  at  least  two  major 
locations,  as  well  as  at  remote 
forward  arming  and  refueling 
points  (FARPs) .  The  distance 
factor  is  even  more  significant 
during  deep  attack  missions. 
In  some  ways,  Apache  helicopter 
procedures  are  more  similar  to 
Air  Force  than  traditional  Army 
maneuvering.  With  their 
auxiliary  tank  capability,  they 
can  fly  hundreds  of  miles, 
perform  their  attack  missions, 
and  fly  home  without  refueling. 
Use  of  the  FARP  extends  their 
potential  range  even  further, 
making  them  very  different  from 
Infantry  or  Armor  units,  in 
which  distances  may  be  measured 
in  yards.  Search  and  rescue 
and  medical  support  must  be 
available  on  site  at  the  time 
of  any  crash  (whether  enemy 
anti-aircraft  weaponry, 
mechanical  or  pilot  induced) 
that  may  occur  during  these 
extended  missions  if  we  hope  to 
bring  these  aircrew  back 
safely. 

DESERT  SHIELD/DESERT  STORM 

As  the  surgeon  for  the 
2/229  Attack  Helicopter 
Battalion  throughout  Desert 
Shield  and  Desert  Storm,  I  was 
responsible  for  the  preventive 
medicine,  emergency  medical 
care,  medical  evacuation,  and 
medical  education  of  all 
personnel  in  the  battalion. 
Five  enlisted  medics,  a  two  and 
a  half  ton  trdck,  a  pickup 
truck  and  trailer,  and  whatever 
we  could  load  on  them, 
comprised  our  medical 
facilities.  When  the  rest  of 
the  101st  Aviation  Brigade 
arrived,  I  was  appointed  the 


brigade  Preventive  Medicine 
Officer,  and  provided  medical 
care  to  units  that  lacked  a 
battalion  surgeon.  During  the 
initial  weeks,  the  individual 
sguadron  and  battalion  surgeons 
of  the  Apache  and  A-lO  units  at 
King  Fahd  (eastern  Saudi 
Arabia)  airport  devised  a 
local,  multi-service  mass 
casualty  plan,  as  there  were  no 
United  States  military  hospital 
readily  available.  Later,  we 
participated  in  the  101st 
Division,  and  two  Air  Force 
Wing  mass  casualty  plans. 

Throughout  the  deployment, 
until  the  war  actually  started, 
the  biggest  challenge  was 
education:  of  commanders, 
soldiers,  and  medical 
personnel.  Commanders  are 
essentially  ignorant  of  medical 
matters,  the  Army  Field  Manual 
covering  Attack  Helicopter 
operations  (3)  has  exactly  one 
paragraph  devoted  to  medical 
support  of  the  battalion.  As  a 
member  of  the  commander's 
staff,  the  surgeon  had  to  be 
aware  of  the  battle  plans,  plan 
to  allocate  medical  assets  to 
support  the  plans,  and  explain 
the  medical  consequences  of 
alternate  courses  of  action. 
The  flight  surgeons  were 
instrumental  in  developing 
decontamination  procedures  that 
would  be  useful  for  personnel, 
wheeled  vehicles  and  aircraft 
as  safely  as  possible. 
Soldiers  will  perform  better 
when  their  fear  and  ignorance 
are  replaced  with  knowledge. 
They  needed  education  to 
understand  the  rudiments  of 
buddy  care,  the  rational  of 
chemical  weapon  prophylaxis  and 
treatment,  and  their  own 
responsibilities  for  health 
maintenance.  From  the  medical 
standpoint,  it  was  a 
significant  challenge  to 
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educate  the  medics  that  despite 
being  in  an  unfamiliar  and 
exotic  location  (with  extreme 
environmental  conditions) ,  most 
medical  problems  were  the  same 
as  those  encountered  in  more 
familiar  territory.  But  even 
though  the  medical  problems 
were  often  identical,  treatment 
had  to  be  tailored  to  what  was 
available  in  terms  of  supplies 
and  equipment,  and  practical 
based  on  the  living  conditions. 

There  were  concrete 
examples  of  this  phenomenon 
almost  daily.  A  young  sergeant 
presented  with  fever  and  severe 
headache.  He  had  been  seen 
daily  by  another  practitioner 
for  the  past  three  days;  each 
time  the  diagnosis  was 
apparently  "heat  and 
dehydration"  because  he  was 
given  several  liters  of 
intravenous  (IV)  fluid  and  told 
to  rest  and  drink  more.  On  the 
third  day,  his  commander 
brought  him  to  me  because  he 
was  getting  worse.  The  man  did 
indeed  have  a  fever  (104  F/40 
C)  and  a  severe  headache.  He 
also  had  a  normal  pulse,  his 
blood  pressure  was  high  normal, 
and  his  headache  was  unilateral 
and  worse  when  lying  do%/n.  The 
only  IV  antibiotics  at  the  aid 
station  were  ampiclllin  and 
rocephin,  but  after  two  doses 
of  IV  ampiclllin,  he  was 
afebrile  and  his  headache  was 
resolving.  The  message  was 
twofold:  first,  all  the  fluid 
in  the  world  will  not  cure 
sinusitis;  and  second,  that 
living  in  Saudi  Arabia  does  not 
prevent  it! 

On  another  occasion,  after 
a  two  week  training  deployment 
in  December,  essentially  every 
pilot  in  one  of  the  attack 
companies 

developed  severe  nausea , 


diarrhea,  headache  and  fever  of 
103-105  P/  39-41  C.  The 
etiology  was  never  determined, 
but  I  treated  them  all  with 
aspirin  and  acetaminophen  for 
fever  and  pain,  Septra  for 
presumed  Shigella  or 
Salmonellosis,  phenergan  for 
nausea,  and  lomotil  for  the 
diarrhea.  This  does  not  meet 
the  usual  "standard  of  care", 
because  ant idiarrheal 
medication  may  actually  extend 
the  duration  of  the  illness, 
and  we  don't  usually  treat  with 
antibiotics  without  a  positive 
stool  culture.  It  is  important 
to  recognize  the  absolute 
austerity  of  the  conditions:  we 
were  living  in  an  open  parking 
garage,  and  the  only  latrine 
facilities  were  55  gallon  dr\»s 
cut  in  half,  located  outside  a 
barbed  wire  perimeter  several 
hundred  meters  away.  Without 
the  ant idiarrheal  medication, 
they  would  physically  never 
have  made  it,  or  would  have 
been  forced  to  spend  several 
days  perched  on  the  side  of  an 
oil  drum  in  sub  freezing 
weather. 

We  did,  however,  encounter 
a  number  of  problems  unique  to 
living  and  working  in  the  harsh 
environment.  On  the  day  we 
arrived,  21  August  1990,  it  was 
138  F/59  C  on  the  flight  line. 
We  unloaded  the  aircraft,  and 
began  reconstituting  our  combat 
capability,  ie,  reassembling 
the  helicopters.  It  was 
absolutely  impossible  during 
the  day,  not  only  could  the 
unacclimated  troops  do  nothing 
more  than  sleep  in  the 
unfamiliar  environment,  but  the 
temperature  of  the  aircraft 
parts  themselves  made  working 
on  them  dangerous.  Neither 
natural  shade  nor  hangers  were 
available,  and  neither  flight 
gloves  nor  leather  work  gloves 


provided  sufficient  insulation 
froB  the  netal  parts  exposed  to 
the  Saudi  svm.  This  proved  to 
be  a  continuing  problem; 
preflighting  an  aircraft  was 
painful,  and  even  flying, 
simply  holding  the  controls  of 
an  aircraft  that  has  been  in 
the  sun  was  very  difficult. 
Taking  bottled  water  on 
missions  was  essential  to 
prevent  dehydration,  but 
leaving  it  in  the  aircraft 
resulted  in  water  that  was  not 
only  too  hot  to  drink,  but 
actually  burned  if  poured  or 
spilled  on  skin.  As  expected, 
aircrew  were  inventive;  they 
procured  aluminum  foil  from  the 
cooks  to  fashion  reflective 
shields  for  their  cockpit 
surfaces.  This  helped 
considerably,  but  would  not 
have  been  acceptable  had 
hostilities  begun  during  the 
early  months,  as  these 
"reflective  shields"  would  have 
served  as  huge  signal  mirrors 
to  any  hostile  reconnaissance 
aircraft.  To  maintain  water  at 
reasonable  temperatures,  we 
adopted  measures  like  the 
bedouins  use,  %nrapping  canteens 
and  water  bottles  in  cloth,  and 
keeping  them  wet  to  allow 
evaporative  cooling. 

The  uniquely  medical 
problems  were  not 
insignificant.  Many  drugs  must 
be  stored  at  or  below  "room 
temperature",  but  there  is  no 
indication  how  fast  the 
biological  activity  degrades  at 
ambient  temperatures  of  100-140 
F/ 38-60  C,  nor  what  duration 
the  exposure  must  be  before 
degradation  occurs.  Even 
sterile  IV  fluid  must  be  kept 
"cool"  to  ensure  its  shelf 
life,  as  well  as  to  make  it 
valuable  therapy  for 
hyperthermia  and  dehydration. 
Infusing  large  quantities  of 


110  F/43  C  fluid  would  not  have 
been  particularly  beneficial! 
While  I  had  planned  for  the 
heat,  and  brought  two  small 
refrigerators  specifically  for 
medical  supplies,  generators 
were  required,  and  not 
available  consistently.  For 
these  situations,  we  procured 
five  gallon  coolers,  and 
purchased  ice  locally  to 
transport  our  most  vulnerable 
medical  supplies. 

Immediately  before 
deploying  in  August,  I  gave 
lectures  on  how  to  prevent  heat 
injuries,  and  the  importance  of 
early  recognition  and 
treatment.  Apparently  the 
prevention  education  program 
worked;  although  a  substantial 
number  of  soldiers  presented 
with  dehydration  (decreased  BP, 
increased  pulse,  weakness, 
headache  and  "dizziness") ,  none 
were  hyperthermic  by  oral  or 
rectal  temperature.  During  the 
first  weeks,  we  were 
exceptionally  aggressive  about 
rehydratlng  people  with 
intravenous  as  opposed  to  oral 
fluids.  Tills  served  at  least 
three  purposes.  First,  a 
satisfactory  clinical  response 
could  be  accomplished  in  a 
shorter  period  of  time. 
Second,  it  gave  the  medics  a 
superb  opportunity  to  become 
expert  at  starting  IV  lines 
when  time  was  less  critical 
than  it  would  be  later,  caring 
for  hemodynamically  unstable 
casualties.  Lastly,  knowing 
that  the  therapy  for 
dehydration  would  be  a  stick 
with  a  large  bore  catheter, 
encouraged  soldiers  to  drink 
sufficient  quantities, 
regardless  of  thirst  or 
palatability. 

As  we  deployed  to  combat  in 
January,  there  was  more  rain 
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than  in  the  previous  ten  years. 
Baking  driving  or  flying  both 
slow  and  hazardous.  While 
there  is  no  question  that  the 
cold  environment  was  not  as 
extrem  as  the  heat  had  been, 
it  was  very  extreme  to  troops 
who  were  not  prepared  for  cold 
in  terms  of  clothing,  training, 
or  equipment.  As  described 
previously,  the  aircraft  (and 
aircrew)  generally  moved 
separately,  ahead  or  behind  the 
truck  convoys .  The  tents , 
cooking  equipment,  and  majority 
of  medical  supplies  were  always 
in  these  convoys .  The 
Blackhawk  (UH-60)  aircraft  are 
designed  for  cargo,  and  their 
crews  always  had  tents,  a 
generator,  kerosene  stoves  and 
other  gear  with  them  to  make 
the  sub  zero  conditions 
tolerable.  Pilots  of  the 
Apaches  and  scouts  were  less 
fortunate;  unless  the  trucks 
caught  up  with  the  aircraft, 
they  slept  on  the  ground  or  in 
their  cockpits,  eating  cold 
MREs,  until  the  main  body  of 
the  unit  arrived.  I  always 
moved  by  air,  and  had  equipped 
all  three  Blackhawks  with  a  few 
litters,  extra  old  sleeping 
bags,  and  a  chest  of  emergency 
medical  supplies.  Even  before 
actual  combat  there  were 
several  occasions  that  our 
utility  (le,  non  medevac) 
Blackhawks  were  the  first  on 
the  scene  of  an  accident.  It 
was  lifesaving  to  be  prepared 
for  either  motor  vehicle  or 
aircraft  accidents.  Later, 
when  performing  actual  attack 
missions,  one  of  the  Blackhawks 
always  followed  a  few 
kilometers  behind  the  Apaches 
to  provide  immediate  search  and 
rescue  in  case  of  a  crash  or 
shoot  down.  Insulated  bags 
(actually  designed  to  carry  20 
gallon  coffee  containers) ,  were 
used  to  carry  IV  fluid;  before 


departing  on  missions  we  would 
insert  chemical  heating  pads  to 
keep  the  fluid  warm.  The 
medics  moved  by  trucks,  which 
were  usually  split  into  three 
separate  convoys  in  case  of 
attack,  so  one  or  two  medics 
traveled  with  each  group.  It 
proved  to  be  essential;  on 
every  move  there  was  an 
accident  or  incident  that 
required  medical  assistance. 

Despite  well  founded 
concerns  over  deployment  to  the 
unfamiliar  Saudi  Arabian 
peninsula,  I  am  unaware  of  any 
actual  "environmental 
casualties"  within  the  lOlst 
Aviation  Brigade  that  were 
sufficiently  serious  to  warrant 
evacuation  to  any  higher  level 
medical  facility  than  a 
battalion  aid  station. 
Although  there  were  certainly 
environmental  injuries: 
dehydration,  heat  exhaustion, 
and  sunburn  due  to  heat , 
hypothermia  due  to  rain  and 
cold  exposure,  and  corneal 
abrasions  from  sandstorms,  all 
were  treated  and  returned  to 
duty  within  hours.  The 
injuries  (and  deaths)  recptiring 
evacuation:  motor  vehicle  and 
aircraft  accidents,  gunshot 
wounds,  anti-personnel  mine 
explosions,  burns,  and  various 
occupational  and  sports 
injuries,  would  have  occurred 
in  any  theatre  of  operation, 
they  were  not  unique  to  the 
Gulf  conflict.  Additionally, 
there  were  numerous  illnesses 
requiring  evacuation,  (either 
to  fixed  facilities  within  the 
theater,  or  back  to  the  United 
States) ,  but  these  could  not  be 
blamed  on  the  harsh  environment 
either;  there  were  a  few 
suicide  gestures  and  other 
psychiatric  disorders,  a 
questionable  case  of  unstable 
angina  versus  delirium  tremens 
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from  the  unavailability  of 
alcohol,  one  non-traumatic 
spinal  cord  lesion,  and  several 
inguinal  hernia  repairs. 

What  did  I,  the  senior 
medic,  spend  the  majority  of  my 
time  doing?  In  actuality, 
probably  personnel  and 
personal  issues.  Trying  to 
track  the  progress  of  soldiers 
who  had  been  evacuated ;  the 
medical  system  considers  them 
generic  patients  once  they 
enter  the  evacuation  system, 
but  the  commander  still 
considers  them  "his"  soldiers. 
He  wants  to  know  their 
whereabouts ,  progress ,  and 
anticipated  return;  only  a 
medical  officer  is  able  to 
navigate  the  evacuation  and 
medical  channels.  Procuring 
medical  supplies  required  more 
than  simply  filling  out 
requisitions,  we  had  to  find 
someone  who  had  what  we  needed, 
and  convince  them  to  "share". 
Helping  soldiers  in  the  unit 
get  through  the  paperwork  in 
order  to  return  home  for 
funerals  or  other  emergencies 
took  alot  of  time;  it  is 
certainly  not  a  medical 
function,  but  the  soldiers 
trust  the  flight  surgeon,  and 
maintaining  their  trust  is 
paramount.  Working  through 
family  issues  (spouses  writing 
"Dear  John"  letters  for 
example) ,  problems  with  other 
members  of  the  unit,  and 
reassuring  them  through  the 
fear  and  uncertainty  that  most 
service  members  feel  waiting 
for  combat,  these  occupied  the 
majority  of  hours.  The  time 
spent  physically  performing 
first  aid,  minor  surgery, 
diagnostic  procedures,  accident 
investigations  and  medical 
evacuation  was  in  fact  a  small 
percentage  of  an  average  day. 


CONCLUSION 

Despite  the  harsh, 
unfamiliar  conditions 
encountered  by  U.  S.  Army 
aviation  units  during  Desert 
Shield  and  Desert  Storm,  there 
were  minimal  environmental 
casualties.  This  may  have  been 
due  to  the  relatively  young, 
healthy  population  comprising 
the  military,  as  well  as  good 
training  and  understanding  of 
the  environmental  threats.  I 
believe  greater  research 
efforts  should  be  directed 
towards  solving  problems  of 
units  deployed  under  austere 
conditions.  Self  warming 
"body  bags"  for  casualty 
transportation,  longer  lasting 
chemical  hot  and  cold  packs, 
there  are  any  number  of 
fruitful  avenues  of  research 
that  would  be  useful  to  Army 
aviation  units.  Extending  the 
shelf  life  of  pharmacologic 
agents  exposed  to  environmental 
extremes,  increasing  the 
palatability  of  field  rations, 
decreasing  the  heat  burden  of 
chemical  protective  clothing, 
or  developing  more  heat 
resistant  glove  material,  for 
example,  are  problems  that  are 
relevant  to  aviation  units  that 
do  not  have  fixed  facilities, 
with  their  attendant  luxuries 
of  electricity,  air 
conditioning  or  running  water. 
It  seems  unlikely  that  the 
living  conditions  of  the  battle 
will  change  appreciably  for 
Army  aviators  of  the  future; 
life  in  Saudi  Arabia  was  much 
like  life  "in  the  field"  has 
always  been.  It  is  up  to  us, 
the  medical  community  of 
practitioners,  planners,  and 
researchers,  to  support  that 
Army  aviator  to  give  him  the 
best  possible  chance  of 
accomplishing  the  mission. 
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Acromcdical  Support  for  Casualties  in  Extremely  Hot  Climates 
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1.  SUMMARY 

AeromedicalsiyportforoperatioiMinhot 
dmiaies  involves  ejqxMure  to  acute  heat  injury 
and  duonk  heat  sums  whidt  are  unfamiliar  to 
many  medical  penonnel  in  NATO  nations. 
Pieputtknfbrde^oyniBntto  ahotclimate 
should  indude  review  climatic  data  for  the 
site,  siqxopriatB  adjustment  to  stalks  and 
equipaient  needed  to  handle  predUcted  nundm 
of  h^  casualties,  and  educatioa  of  all  air  base 
personnel  regarding  methods  ci  preventing  heat 
illness.  Metncal  facilities  at  the  remote  site  may 
indude  local  buildings  or  air  transportable 
units.  Spe^  care  is  leaquired  with  respect  to 
houseteeping  and  pravisioo  of  safe  food  and 
water  in  hot  climates.  Casualties  arriving  from 
remote  sites  should  be  assumed  to  suffer  from 
heat  stress  and  dehydratioo;  toose  with  elevated 
ten^eratures  or  disturbed  consdousness  naist 
be  treated  as  heat  stroke  cases  until  proven 
otherwise.  Oral  rehydr|toon  mixtures  should 
be  used  whatever  possible,  reserving 
intravenous  fluids  for  severe  cases.  Plans  for 
air  evacuatkn  of  all  patients  should  attempt  to 
minimize  heat  stress  during  loading  and  dlow 
for  continued  rehydration  in  flight 

2.  INTRODUCTION 

Heat  illness  develops  in  the  presence  of  heat- 
induced  dehydration,  cardiovascular 
decompensation,  and/or  an  injurious  rise  in 
body  teoqterature.  Syn^ttoms  range  fimn 
subuy  impured  perfonnanoe  to  iUness, 
incapacitation  and  death.  Milkuy  (iterations  in 
desert  or  trofMcal  cliniaies  can  in^ve  a  high 
incidence  of  primary  heat  injury  cases  as  well 
as  signifi^t  numbm  of  h^-related  disorders 
in  casualties  of  other  types.  In  addition, 
continuous  heat  stress  increases  fluid 
requirements  anciproduces  chronic  fatigue  and 
loss  of  qtpedte  affecting  patients,  medi^  staff 
and  air  baire  personnel. 

The  condtination  of  heat  stress  and  trauma  with 
limited  treatment  resources  is  not  comnxmly 
encountered  at  medical  trairting  centers  in 
tempenne  climates.  Aetomedical  personnel 
supporting  operatkms  in  hot  dirru^s  may  find 
themselves  with  reqxMisibiliries  ranging  fnxn 
imidanentation  of  protective  measures  ftx  air 


crew  mendim  and  mairuenance  personnel  to 
treatment  of  frank  heat  casualties  among 
combat  forces.  The  importance  of  effe^ve 
prevendon  cannot  be  overemphasued,  as  heat 
stroke  is  equivalent  to  nutjor  wounding  and  is 
associated  with  a  high  fuality  rate  (1).  Heat 
stroke  survivors  are  lost  to  further  service  for 
periods  of  weeks  to  months  and  may  never 
again  be  fit  for  duty  under  hot  conditions  (2). 

The  audtors  are  developing  ivritten  materials  to 
assist  aetomedical  pomnel  in  handling  the 
uiuKXUstomed  cliittuic  extreixies  and 
sub(^}dmal  hospital  condirions  wiiich  they  nnay 
encounter  upon  deployment  to  hot  climates. 

3.  HEAT  STRESS  AND  ITS  EFFECTS 

Heat  stress  occurs  when  some  combination  of 
climate,  activity  and  clothing  causes  b(xfy  heat 
load  to  reach  or  exceed  heat  dissipation  to  the 
enviroranent  Military  operations  often  amplify 
climatic  heat  stress  by  demanding  sustaineci 
physical  work  under  very  hot  cordons. 
Problems  may  also  develop  in  relatively  (xxd 
weadier  when  personnel  must  wear  prcMecdve 
clothing  which  interferes  with  convective 
(xwling  and  the  evqxxation  (rf’  sweat 
Chemical  defense  {wtient-wiaps  pose  a 
pcitentially  serious  heat  stress  problem  in  hot 
climates.  Another  hi^y  provocative  condidcn 
is  wtnk  in  sun-heated,  enclosed  spaces  such  as 
parked  aircraft  workshops  or  tents. 

RespcMise  to  a  ^ven  thermal  stress  varies 
widely  among  mdividuals  and  from  one  day  to 
dieirexL  Heat  tolerance  is  greatest  among 
personnel  who  are  physicaUy  fit  and  are  already 
acclimatued  to  heat  Although  there  is  no 
gender  difference  per  re,  sn^  body  size  and 
low  aerotnc  capacity  are  risk  factors  for  either 
sex.  Other  risk  factors  include  la(d(  of 
acclimatization,  intercunent  illness, 
dehydration,  nutritional  deficit  and  cumulative 
frttigue.  Heia  stress  effects  are  significantly 
lowered  when  there  is  periodic  relief  such  as 
retreat  to  air-condition^  quarters  (x  a  strong 
nocturnal  temperature  drop. 

Adequate  water  intake  becomes  critical  in  hot 
additions  because  evaporation  of  sweat  is  the 
main  path  fcv  dissipating  body  heat  and  die 
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and  the  fact  that  humans  cannot  function 
without  adequate  water  intake. 


only  CQtding  mechanism  when  air  temperature 
exceeds  bo^  temperature.  Daily  fluid 
ratMhemems  increase  dramatically  with  work 
and  cUmatic  heat  load;  Fig.  1  shows  that  even 
persons  resting  in  the  shade  may  require 
several  liters  fluid  per  day. 


Fig.  1.  Daily  water  rcquireacat  from 
Adolph  EF,  ct  aL  Physioiogy  of  Man  ia  the 
Desert.  New  York:  lalerscicace.  1947,  p. 
121.  1  qt  s  0.94«  L. 

Aircrew  members  require  special  consideration 
because  even  moderate  heat  stress  can  impair 
their  performance  enough  to  tip  the  balance 
toward  mission  failure  even  loss  of  an 
aircraft  Preventive  measures  for  flying 
personnel  are  detailed  elsewhere  and  include 
protection  from  preflight  heat  stress  and 
scheduling  which  allows  for  heat-induced 
fatigue.  Inflight  heat  stress  is  worst  for 
missions  which  involve  low-level  flight  and/or 
evasive  maneuvers.  Aircrew  membm  should 
be  warned  that  heat  and  dehydration  reduce 
acceleration  tolerance  by  0.5-1  G  and  increase 
susceptibility  to  decompression  sickness. 

4.  PREPARING  FOR  DEPLOYMENT 

Aeromedical  personnel  preparing  for 
dqrloyment  in  support  of  hot-weather 
tqrmtions  should  review  authoritative 
summaries  oi  preventive  measures  (3,4)  and 
treatment  h^  casualties  (5,6). 

Liaison  should  be  established  with  flying 
personnel  and  support  services  to  educate  all 
widr  respect  to  the  ^>ecial  challenges  of 
operating  in  extremely  hot  weather.  The 
incidence  heat  casualties  will  depend  not 
only  on  weather  but  also  on  the  concept  of 
tqrerations  and  the  possibility  of  protective 
nnodificatitms  such  as  scheduling  wok  at 
night  Use  oi  NBC  clothing  c^  produce  heat 
casualties  even  in  temperate  climates.  It  is 
therefore  extremely  important  that  aeromedical 
personnel  work  with  commanders  to  help  them 
understarxl  the  potentially  critical  imptK:t  of  heat 
stress,  the  beneficial  role  of  acclimatization. 


Every  effort  should  be  made  to  obtain  detailed 
climatic  data  for  the  dq>loyment  site.  Desert 
regions  are  (tften  characterized  by  stable 
weather  patterns  with  v^  hot  daytime 
tempratures  and  cold  ni^ts  due  to  radiation 
cooung.  Paradoxically,  wsert  shores  can  be 
very  humid.  Tropical  conditions  usuaUy 
involve  continuous  heat  stress  with  high 
humidity.  Potential  sources  of  site-specific 
information  include  base  weather  offices  md 
central  meteorology  data  banks.  The  following 
data  should  be  obtained  for  each  month 
throu^out  t^  year 

•  Mean  daily  high  and  low  air  temperatures 

•  Distribution  daily  high  and  low 
temperatures  (percentile  values  or  ranges) 

•  Mean  wet  bulb  temperatures  or  dewpoints 
corresponding  to  known  air  tenqjerature 
readings 

•  Mean  daUy  high  and  low  values  for  Wet 
Bulb  Globe  Ten^rature  (WBGT)  or  other 
indices 

•  Wind  and  cloud  cover  information 

•  Times  of  sunrise  and  sunset 

It  is  not  adequate  to  have  mean  daily 
temperature  alone  or  humidity  data  without 
associated  temperature  readings.  If  the  only 
available  information  comes  hom  atlases  or 
country  summaries,  data  must  be  interpreted 
with  respect  to  local  conditions  such  as  the 
altitude  of  the  air  base  or  proximity  to  large 
bodies  of  water.  Regular  communication  with 
the  nearest  meteorological  office  should  be  set 
up  to  keep  personnel  aj^rised  of  current  and 
predicted  weather  conations. 

Before  departure,  medical  personnel  should 
familiarize  themselves  with  cvganizational 
responsibility  for  water  supply,  food  and 
shelter  together  with  possible  sources  of 
ancillary  equipment  such  as  generators,  fans, 
air  conditioners,  refrigerators  and  freezers. 
Additional  preparations  for  handling  large 
numbers  of  heat  casualties  include: 

•  Adjust  stockage  of  supplies  to  allow  for 
heavy  use  of  onl  and  intravenous  fluids 

•  (%tain  thermometers  to  measure  rectal 
temperature  to  45  ®C  (1 13  °F) 


•  Plan  for  ipe^  heat  stroke  cooling  stations 
widi  water,  ice,  fans  and  life  sui^xMt 
eqiapment 

Extraofdinuy  measures  may  be  required  where 
the  noraaal  supply  sy^em  cmnot  provide  rai»d 
modificttion  to  the  IhUe  of  Allowances  (TA). 
The  first  USAF  aircrew  members  deployed  to 
the  Persian  Gulf  carried  intravenous  solutions 
and  adrmnistration  sets  in  thdr  personal  kit  If 
oral  rehydratkMi  mixtures  are  not  included  in 
medical  supplies,  the  following  mixture  can  be 
used;  lb  one  liter  (quart)  of  water  add  40 
grams  oi  taUe  sugar  and  6  grams  of  table  salt 

5.  MEDICAL  FACILITIES 

Padent  care  areas  and  staff  quarters  in  hot 
climates  should  be  situated  to  nunimiae  heat 
stress.  Indigenous  buildings  should  be  used 
where  possible  because  they  usually  are 
design^  and  sited  to  take  advantage  of 
prevailing  Ineezes  and  often  have  thick  wails 
which  moderate  daily  temperature  p^s.  In 
the  absence  of  refrigerated  air  conditioning, 
effective  low-tech  alternatives  include 
evaporative  cooling,  nanual  or  forced 
ventilation  with  outside  air,  and  ceiling  fans. 

In  addition  to  discomfon  for  patients  and  staff, 
hi^  temperatures  in  medical  facilities  cause 
dimculties  with  housekeq)ing  and  equipment 
maintenance.  It  may  be  necessary  to  set  up 
cooled  storage  areas  for  critical  equipment  and 
supplies  to  assure  a  reasonable  shelf  life.  It  is 
especi^y  useful  to  have  portable  air 
cc^doners  and  fans  adaptable  to  AC  and  DC 
power  sources.  On  arrival,  medical  personnel 
should  establish  communicadon  with  the 
meteorological  office  together  with  a  system  fcx* 
advising  base  personnel  regarding  current  and 
predict^  temperatures  and  related  weather 
condidons. 

5.1  Air  IVansportable  Clinic  (ATC) 

The  USAF’s  ATC  is  designed  to  provide 
support  to  an  operadonal  squadron  of  300-S(X) 
posonnel  in  a  bare-base  setdng.  It  is  primarily 
intended  for  outpadent  treatment  and  assumes 
diat  more  serious  cases  can  be  transferred  to  a 
nearby  hospital  or  immediately  evacuated  by 
air.  Ibe  ATC  should  be  sited  to  take  advantage 
of  any  shade,  prevailing  breeze  (x  other 
benefits  offe^  by  the  surroundings. 

Review  the  TA  shows  that  the  clinic  is  not 
well  suited  to  treatment  of  muldple  heat 
casualdes.  Relevant  equipment  items  in  the  TA 


include  six  oral  thermometers.  12  L  each  of 
lactated  Ringer’s  soludon  and  nonnal  saline, 
one  urii^  catheter  se^  a  ISO-L  stor^ 
reservoir  foe  heat-sterilked  water,  and  18  m  of 
water  hose  with  a  nozzle.  There  is  one  ice  bag. 
but  no  mechanism  for  chilling  water  or 
producing  ice.  Supplies  for  mal  tehydratioo 
were  recently  add^  The  ATC’s  capacity  for 
treadng  muldple  heat  casualdes  may  be 
increased  by  adding  supplies  fx  oral 
lehytkadon  as  well  as  increased  quantities  of 
parenteral  sdutions,  I V  administration  sets, 
and  urinary  catheter  sets.  In  the  absence  of 
laboratory  facilities,  patients  will  have  to  be 
assessed  for  heat  illness  based  upon  clinical 
impressions,  hismry,  vital  signs,  mental  status, 
appearance  ot  skin  and  mucous  membranes,  as 
well  as  the  occurrence  of  other  heat  casualties. 

It  is  imperative  that  the  clinic  secure  an 
abundant  supply  of  cool  water,  if  potable  water 
is  limited,  a  secondary  source  of  non-potaUe 
water  should  be  considered  for  special 
purposes  such  as  evaporative  cooling.  Fans 
and  portable  air  conditioners  may  be  sought 
from  engineering  units,  and  the  ^ning  hall 
should  te  approached  regarding  availability  of 
ice,  ice  chests  and  cold  sttnage.  In  arid 
settings,  porous  water  l^gs  will  cool  their 
contents  to  well  below  ambient  temperamre. 

5.2  Air  Transportable  Hospital  (ATH) 

The  ATH  is  deployable  in  increments  of  14, 

2S,  or  SO  beds.  Its  mission  includes  holding 
patients  for  evacuation  or  return  to  duty  within 
2-7  days.  Nxmal  staffing  can  accomirxxlate 
12  major  surgeries  and  a  peak  of  20  admissions 
per  day.  It  includes  two  beds  for  resuscitative 
surgery  and  post  operative  stabilization. 
Outpatient  services  can  provide  definitive 
management  for  up  to  SO  patients/day.  The 
ATH  can  relocate  within  24  h,  but  it  requires 
external  support  services.  Each  deplo^ble 
increment  of  the  ATH  includes  air  conditioners, 
circulating  fans  and  limited  refrigeration 
capacity. 

The  first  increment  includes  intravenous  fluids 
(Ringers  lactate,  normal  saline,  and  dextrose  in 
water)  totaling  over  200  cases  at  12  L/case;  the 
second  and  third  increments  each  include 
additional  IV  fluids.  The  ATH  does  not  have 
freezer  stcaage  fx  ice  and  is  limited  on  the 
amount  of  cold  storage  for  oral  fluids.  The  TA 
has  recently  been  revised  to  may  include  high- 
reading  rectal  thennistxrs  and  supplies  for 
preparing  oral  electrolyte  solutions. 


When  heat  casualiks  are  anticipated,  it  may  be 
adviaable  to  ailment  the  nanud  TA  with 
iiuiaveiious  fluids,  rectal  thermometers, 
urethral  cttheten,  and  ^tarmaoeuticals  for 
seizure  oontnd.  The  ATO  Commander  needs 
to  determine  the  availability  of  support  services 
to  meet  extraordinary  needs  for  reMgeration. 
cdd  storage,  oral  ekctrtdyte  supplementation 
and  padait  holding. 

«.  PROTECTING  PATIENTS  AND 
STAFF 

Medical  personnel  working  in  hot  climates  are 
themselves  subject  to  heat  stress  and  illness. 
Healdi  maintenance  is  particularly  important  in 
this  gnxq)  because  their  duties  involve  a 
combination  of  physical  effort,  skill  and 
judgment  affectuig  the  welfare  of  their  patients. 
All  personnel  must  be  made  aware  that  heat 
stress  affects  performance,  and  that  critical 
tasks  should  be  routinely  double-checked. 
Minor  con^laints  or  signs  of  impaired 
performance  call  for  irnnKdiate  corrective 
action,  sirrce  problems  in  one  person  often 
indicate  impending  trouble  fw  others.  Special 
attention  must  be  given  to  new  arrivals  who 
may  be  v^  dred  and  have  not  yet  adjusted  to 
hot  conditions,  as  they  are  especially 
suscqrdble  to  heat  exhausdon. 

Supervisors  must  enforce  adequate  work-rest 
schedules  and  sleep  discipline  and  should  also 
attend  to  their  own  sleep  needs.  Sleep 
deprivation  reduces  heat  tolerance,  and  heat 
stress  interferes  with  sleep.  A  sleep  session 
should  last  4-6  hours  if  possible,  but  naps  are 
better  than  no  sleep  at  aU.  Those  who  wOTk  at 
night  require  special  consideradon  because  they 
may  have  trouUe  obtaining  adequate  sleep 
during  the  day;  every  effort  must  be  made  to 
provide  cool,  quiet  sleeping  quarters  for  diese 
people. 

6.1  Water  and  Food 

A  qtecial  effort  is  required  to  provide  fluids 
frequendy  to  both  padents  and  staff  members, 
and  they  must  be  encouraged  to  replace  fluid 
loss  on  an  hourly  basis.  Drinks  should  be 
readily  availaUe,  cool  and  palatable.  Plain  or 
flavo^  water  is  preferable  to  beverages  which 
are  carbonated,  contain  caffeine  or  are  heavily 
sugared.  Met^  diould  be  used  to  encourage 
complete  rehydradon  providing  large  cups 
or  glasses  and  large  containers  of  water  and 
flavtaed  drinks. 


Both  patients  attd  staff  dioukl  be  aicoura|ed  to 
eat  all  scheduled  radons  in  order  to  wylemsh 
calories  used  for  work  and  salt  lost  in  sweaL 
Depressed  appedte  and  weight  loss  are 
commcm  occurrences  under  hot  conditions,  and 
eating  at  least  one  sit-down  meal  per  day  is 
the  most  effecdve  single  means  of  ensiving 
adequate  food  inttke.  Personnel  must  not  sk^ 
meals  by  subsdtudng  candy  bars,  snack  foods, 
sugary  dxitdcs  or  electrolyte  beveragre 
(sometimes  called  “sports  tfainks”),  items 
which  lack  impcxtant  nutritional  con^xxiems. 
Those  resptmsible  for  pUtuting  meals  should 
monitor  dining  areas  and  patient  trays  to  see 
which  foods  go  uneaten. 

Field  radons  generally  contain  ample  salt  in  the 
food  itself,  but  diners  should  add  salt  to 
convendonally  prepared  meals.  Neither  salt 
supplements  nor  electrolyte  drinks  are 
necessary  if  personnel  are  eadng  normally.  Salt 
pills  are  not  a  recommended  form  of 
supplementadon,  as  excess  salt  intake  is  a  real 
haziffd,  leading  to  increased  water 
requirements,  high  urine  output,  nausea,  and 
greater  suscepdbility  to  heat  illness. 

6.2  Pitfalls 

Any  lapse  of  discipline  in  control  of  food  and 
water  quality  in  a  hot  climate  can  have 
immediate,  disastrous  consequences. 
Precaudons  must  be  taken  to  prevent  the 
zoonodc  and  human  transmission  of  endemic 
diseases  including  bacterial,  viral  and  parasidc 
types.  Use  of  indigenous  supplies  for  food  and 
water  and/or  local  personnel  to  handle  them  are 
potendal  sources  of  enteric  infecdon. 

Commercial  flavorings  neutralize  water 
disinfectants.  Flavoring  should  therefore  be 
added  just  before  use,  ^  flavored  water  must 
be  stoi^  under  refiigeradon  and  handled  in  the 
same  manner  as  foodstuffs.  Because  ice  is  a 
possible  source  of  contaminadon,  drinks 
should  be  cooled  indirecdy  rather  than  putting 
ice  in  the  beverage. 

Ice  is  a  common  medium  for  the  si»ead  of 
gastroenterids,  a  problem  which  seems  u> 
require  rediscover  on  every  major  military 
deployment  Ice  is  readily  contaminated  in 
manufacturing  and  handling  and  catuiot  be 
disinfected.  Only  ice  from  iq>proved  sources 
with  dghdy  controU^l  sanitary  storage  and 
handling  should  be  used  in  drinks.  If  there  is 


uy  doubt  about  its  pwty.  die  ice  shouJd  be 
uau  for  induect  coding  of  the  fluids  to  be 
consumed. 

7.  ASSESSMENT  OF  INCOMING 
PATIENTS 

Heat  stress  and  debydra^  should  be  expected 
in  all  patients  arriving  directly  foom  the  field, 
transferred  after  stays  at  low-echelon  treatment 
fticilities  or  transported  over  long  distances  in 
unoooled  vehicles.  Rectal  temperature  must  be 
detomined  at  once  and  may  require  use  of 
q>e(^  hi^-reading  thermoineters;  vigorous 
cooling  should  be  insdiuied  for  values  over  40 
'*C  (104°F).  Unconscious  or  disraiented 
patirats  (whedier  are  sweating  <x  not) 
should  be  trctoed  as  heat  stroke  cases  undl  this 
can  be  ruled  out  All  arriving  patients  should 
be  evaluated  for  electrolyte  disturtxuices  to  the 
extent  possiUe  with  available  facilities. 

Conscious  patients  suffering  ftom  fluid  deficit 
should  be  rehydrated  using  raal  mixtures, 
reserving  parenteral  solutions  for  patients  who 
cannot  think  or  retain  liquids.  In  an  emergency, 
large  volumes  of  intravenous  fluid  can  be  given 
in  a  short  [imod  as  long  as  cardiovascular  and 
renal  function  are  intact;  in  doubtful  cases, 
hydration  should  be  evaluated  using  centr^ 
venous  pressure. 

Patients  who  have  been  stabilized  but  must  be 
held  under  hot  conditicms  require  high  water 
intake  to  conqxnsate  for  sweat  production 
(Hg.  1).  Patient  hydration  shodd  be 
monitored  by  all  means  available  at  the  facility, 
including  physical  examination,  morning  body 
weight,  blood  studies,  urine  flow  rate  and  urine 
spe^c  gravity  or  color.  Urine  dip  sticks  can 
be  very  helpful  in  this  regard. 

Heat  stress  and  dehydration  may  alter  the 
presentation  of  casualties;  conversely,  certain 
battlefield  conditions  may  increase  the  risk  of 
heatstroke.  For  instance; 

•  Rectal  temperature  rises  by  0.3  to  0.5  °C  for 
each  1%  loss  of  body  weight. 

•  Hyperthermia  alters  the  relationship  between 
h^  rate  and  blood  loss 

•  Dehydration  lowers  the  threshold  for 
hemionhage-induccd  shock 

•  Hjmvolemic  vasoconstriction  diminishes 
alwty  to  dissipate  heat 


•  Spinal  injury  iaq>airs  sweating  ct^Mcity 

•  Sunburn  inhibits  sweating  in  affected  areas 

•  Anticholinergic  agents  suppress  svreating 

8.  HEAT  ILLNESS  MANAGEMENT 

Fig.  2  depicts  a  diagnostic  tree  for  the  heat 
ilfoesses.  Althou^  several  different  hert 
illnesses  were  distinguished  in  the  older 
literature,  the  progression  ftom  heat  strain  to 
heat  exhaustion  a^  heat  stroke  is  now  viewed 
as  a  continuum.  Nonspecific  heat  strain  and 
dehydration  can  {xoduce  a  variety  oi  synqitoms 
related  to  the  central  nervous  system,  including 
diminished  alertness,  irritability,  agitation  or 
disorientation.  The  combination  of  beat  stress 
and  combat  may  produce  a  confusing 
neuropsyclx>logi^  picture  which  includes 
elements  of  Ombat  Stress  Reaction.  I%ysical 
signs  of  heat  stress  may  include  peripheral 
e^ma,  muscle  cramps,  or  syncope.  Recovery 
can  be  expected  with  a  few  hours  ot 
rehydratioo  and  rest  in  cool  conditions. 
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Fig.  2.  Heat  illness  diagnostic  tree. 

Every  effm  should  be  made  to  obtain  an 
accurate  history  with  respect  to  conditions 
which  may  have  precipitated  heat  illness  and 
related  problems; 

•  Acuk  or  chronic  dehydration  due  to 
inadequate  fluid  intake  (shortage  of  potable 
water  or  conditions  which  inhibit  drinking) 
or  excessive  fluid  loss  (vomiting,  diarrhea, 
sweating  or  hemorrhage). 

•  Electrolyte  depletion  due  to  missed  meals 
and/or  plain  water  replacement  for  {solonged 
sweating. 

•  Febrile  illness  cv  recent  immunization 


•  Skin  comUtions  which  interfere  with 
sweating  (heat  rash,  sunburn,  chemical  or 
thtsmal  mims)  or  prevent  evaporation 
(extensive  dressings  or  other  coverings) 

•  Medications  affecting  thermoregulation, 
for  instance  alcohol,  amphetamines, 
anticholinergics,antidepressants, 
antihistamines,  and  i^enothiazines,  as  well 
as  exposure  to  toxins  which  cause  tremors 
or  nuiscle  rigidity 

•  //ear  mtofemnce  as  indicated  by  previous 
incidents  of  heat  illness 

8.1  Heat  exhaustion 

Signs  and  symptoms  include  various 
combinations  of  severe  fatigue,  irritability, 
headache,  dizziness,  nausea,  vomiting, 
hyperventilation  arxi  syncope.  Core 
temperature  may  be  normal  to  moderately 
ele^^ted.  Due  to  its  protean  nature,  heat 
exhaustion  is  generally  a  diagnosis  of 
exclusion.  Treatment  consists  of  rest  in  a  cool 
place  (at  least  shade  and  good  air  movement) 
ana  vigorous  oral  rehydration.  Intravenous 
fluids  will  be  required  if  the  patient  cannot 
drink  cm*  retain  oral  fluids.  Although  full 
recovery  may  take  1-2  days,  failure  to  respond 
(xxxnptly  to  treatment  should  raise  the 
suspicion  that  the  patient  has  suffered  a  mild 
heat  stroke. 

8.2  Heat  stroke 

This  is  a  life-threatening  condition  characterized 
elevated  body  temperature  and  mental 
confusion  or  loss  of  consciousness;  the  patient 
may  CH*  may  not  be  sweating.  Rect^ 
temperature  is  usually  in  excess  of  41  °C  (106 
at  the  time  of  collapse,  but  may  fall  again 
beftxe  a  reading  can  be  obtained.  Seizures  are 
comnnon.  The  differential  diagnosis  for  heat 
stroke  includes  a  variety  of  infectious  diseases 
which  cause  fever  and  altered  mental  status, 
including  encephalitis,  meningitis,  malaria, 
typhoid  fever  and  typhus. 

Rhabdomyolysis  and  renal  failure  are  common 
in  heat  stroke  incurred  during  physical 
exertion,  and  are  associated  with  an  elevated 
mortality  rate;  myoglobinuria  may  be  detected 
as  heme-positive  urine  dipsticks  in  the  absence 
of  red  cells.  Clotting  disturbances  are  a  late 
complication  in  severe  cases.  Patients  with 
heat  stnAe  suffer  multisystem  damage  and 
retain  increased  vulnerability  to  heat  stress  for  a 
period  of  months  to  years  after  their  original 


injury,  so  that  it  is  unwise  to  return  them  to 
duty  under  hot  conditions  (2). 

The  primary  treatment  for  heat  stroke  is 
imm^ate  reduction  of  internal  temperature,  as 
prognosis  depends  upon  the  amount  and 
duration  of  hyperthermia.  Various  methods  of 
rapid  body  cooling  have  been  used  over  the 
years.  Under  field  conditions  the  victim 
should  be  placed  in  the  shade,  stripped  if 
possible,  wetted  down  and  fanned.  At  medical 
stations  with  refrigeration,  the  patient  should  be 
immersed  in  cool  or  chilled  water  to  which  ice 
is  added  when  available,  ice  packs  (»*  cold 
soaks  may  be  substituted  if  immersion  is  not 
practical.  Although  some  civilian  clinicians 
advocate  warm-water  sprays  with  fanning  as 
the  optimal  cooling  technique,  it  does  not 
provide  the  powerful  cooling  which  is  needed 
for  exertion^  heat  stroke  (7).  Intravenous 
solutions  should  be  cooled  before 
administration. 

Because  heat  stroke  patients  need  prolonged 
intensive  care  and  supporting  laboratory 
facilities,  conflrmed  cases  should  be  evacuated 
to  major  medical  facilities  as  soon  as  they  can 
be  stabilized. 

9.  AIR  EVACUATION 

Heat  stroke  patients  must  be  stabilized  at  rectal 
temperature  <  38  °C  and  well  hydrated  with 
adequate  urinary  output.  Seizures  should  be 
under  control.  Patients  should  have  a 
functioning  intravenous  line  and  may  require  a 
urinaiy  catheter,  depending  upon  their  level  of 
consciousness.  Complete  m^ical  recends 
should  accompany  the  patient,  including  a 
detailed  account  of  fluid  input  and  output  aixi 
neurological  findings.  Conscious  patients 
suffering  from  primary  or  secondary  heat 
illness  and  dehydration  should  travel  with 
prescribed  quantities  of  oral  rehydration 
mixtures  or  should  have  an  open  intravenous 
line  for  administration  of  fluid  and  electrolytes. 

Aircraft  parked  in  the  sun  are  like  ovens. 
Significant  heat  stress  may  occur  anwng  air 
crew  members,  maintenance  personnel  and 
passengers,  especially  in  case  of  mechanical 
difficulties  or  cumulative  delays.  Heat 
casualties  should  not  be  loaded  until  just  beftKe 
takeoff  unless  cabin  cooling  systems  are 
running  on  the  ^ound.  Night  operations  offer 
a  cooler  alternative  for  ground  operations. 

Once  airborne,  the  cabin  environment  is  usually 
cool  and  sometimes  cold. 


10.  SUMMARY 


Recent  US  militaiy  operations  in  the  Persian 
Gulf  and  in  Somalia  re-taught  many  of  the 
lessons  learned  earlier  concerning  prevention 
and  treatment  heat  casualties.  Furthermore, 
enviroranental  heat  stress  is  likely  to  assume 
growing  importance  in  future  military 
operations.  Modem  capacity  for  rapid  aiitxvne 
deployment  makes  it  increasingly  likely  that 
troops  trained  in  ten:q)erate  cli^tes  ex  involved 
in  winter  maneuvers  may  suddenly  find 
themselves  working  under  hot  desert  or  tropical 
conditions. 

A  flight  surgeon  who  anticipates  deployment 
to  a  hot  climate  or  where  NBC  clothing  may  be 
required  should  review  methods  for  preventing 
heat  casualties  and  educate  operational 
personnel  in  advance  regarding  appropriate 
precautions.  New  arrives  will  be  vulnerable  to 
heat  exhaustion  and  heat  stroke  due  to  the 
combined  effects  of  sleep  loss,  circadian  shift, 
dehydration,  anxiety  and  unaccustomed 
physical  exertion  combined  with  environmental 
heat  load. 
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Eglin  Air  Force  Base,  FL  32542 
USA 


SVMHftRY 

Soon  after  Iraq  invaded  Kuwait 
in  August  1990  the  58  Fighter 
Squadron  was  notified  of  the 
impending  deployment  to  Saudi 
Arabia.  Planning  for  the 
extreme  heat  was  included  from 
the  beginning.  When  the 
squadron  deployed  to  Saudi 
Arabia  everyone  was  ready  for 
the  heat.  Heavy  water  intake 
was  emphasized  at  every  level 
of  command;  this  was  to  be  the 
primary  defense  against  the 
high  temperatures.  The 
maintenance  crews  rotated 
shifts  at  0200  and  1400  local 
time  so  each  shift  was  exposed 
about  to  the  same  amount  of 
intense  sur.  and  heat.  The 
only  heat  casualties  were 
during  a  chemical  defense 
training  exercise.  By  the 
time  the  war  began  in  January 
1991  winter  gear  was  used 
especially  by  the  night  shift 
personnel  working  in  the  cool 
desert  night.  Regular 
training  exercises  where  high 
summer  temperatures  are 
encountered,  taught  the  unit 
how  and  when  to  work  along 
with  the  value  of  good 
hydration. 

INTRODUCTION 

Hy  squadron,  the  58  Fighter 
Squadron,  deployed  to  Tabuk, 
Saudi  Arabia  in  support  of 
OPERATIONS  DESERT  SHIELD  and 
DESERT  STORM.  As  the  flight 
surgeon  I  was  responsible  for 
the  medical  well  being  of  this 
F-15  Eagle  air  superiority 
fighter  unit.  In  this  unique 
position  I  was  assigned  to  the 
squadron  and  reported  directly 


to  the  wing  and  squadron 
commanders.  There  were  no 
senior  medical  corps  officers 
in  my  chain  of  command.  When 
not  deployed  my  primary  duty 
was  medical  care  for  the 
pilots  and  their  families.  I 
Interacted  as  a  functional 
member  of  the  squadron  by 
flying  on  a  regular  basis. 
Socially  my  closest  friends 
were  the  pilots.  While  in 
Saudi  Arabia  I  lived  with  the 
pilots. 

When  deployed  my  medical 
responsibility  expanded  to 
include  care  for  the  entire 
deployed  unit  and  all  the 
preventative  medicine 
functions  associated  with  the 
base.  Caring  for  this 
slightly  less  healthy,  larger 
population  required  a  great 
deal  of  time  and  effort. 
Planning  for  base  medical 
contingencies  was  also  a 
formidable  task  especially 
when  dealing  with  a  host 
nation  such  as  Saudi  Arabia. 


Medical  assets  at  the  deployed 
site  included  myself,  four 
medical  technicians,  a 
military  public  health 
technician,  and  a 
bioenvironmental  engineer 
technician.  The  base  was  over 
1100  Km/600  miles  from  the 
nearest  United  States  unit. 

The  Saudi  army  had  a  hospital 
about  16  Km/ 10  miles  away  that 
we  could  use  for  emergencies 
only.  This  facility  was  well 
equipped  and  staffed  mostly  by 
westerners.  Our  access  to 
this  facility  varied 
throughout  the  deployment. 
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Th«  prc-deployaant  planning 
Included  nadlcal  aspacts, 
aspacially  haat  related 
Issuee,  free  the  first 
meetings.  Water  was  the 
priority  issue.  Water  was 
contracted  from  local  Saudi 
vendors  in  1.5  liter  plastic 
bottles.  However  it  was  a 
medical  function  to  assure  the 
water  was  safe.  Bottled  water 
was  available  in  large 
quantities  throughout  the 
deployment.  The  source  varied 
but  otir  water  was  all  produced 
in  Saudi  Arabia. 

A  secondary  factor  was  the 
palatability  issue  with  the 
water.  We  knew  that  the  wing 
personnel  would  consume  more 
water  if  iv  tasted  better. 

Over  1800  Kg/4000  pounds  of 
"Gatoraid"  was  purchased  and 
was  on  one  of  the  first  loads 
of  cargo.  This  proved  to  be 
one  of  the  most  valuable 
assets  we  had  in  Saudi  Arabia. 
For  the  first  month,  when  the 
temperatures  were  the  highest, 
refrigeration  was  almost  non¬ 
existent.  Drinking  hot /warm 
water  was  less  than  optimal. 
Any  flavoring  was  better  than 
nothing.  The  Gatoraid  could 
be  mixed  to  individual  taste 
preference.  Also  the  Gatoraid 
made  the  troops  feel  like  the 
unit  was  going  to  extra 
measures  to  care  for  them, 
which  was  great  for  moral. 

The  debate  on  water  versus 
electrolyte  based  fluids 
during  a  heavy  load  was  not 
addressed  at  that  time.  We 
held  the  belief  that  the  more 
of  any  fluid  one  took  in  was 
better  than  a  lack  of  fluid. 
Some  choose  not  to  use 
Gatoraid  or  used  other 
flavorings.  That  was  the 
individuals'  choice.  All  that 
mattered  was  that  people  were 
consuming  large  quantities  of 


fluid.  Since  alcohol  was  not 
available,  I  was  not  concerned 
with  the  diuretic  effects  of 
alcohol  or  the  substitution  of 
valuable  fluids  for  alcohol. 

The  second  source  of  water  I 
felt  was  also  very  Important 
was  intravenous  fluid  (IV) . 
Each  pilot  flew  with  at  least 
one  liter  of  IV  fluid  along 
with  the  necessary  tubing  and 
catheters.  The  major  method  I 
chose  to  get  a  large  quantity 
IV  fluid  to  the  theater  was  to 
have  several  cases  of  IV  fluid 
everywhere  pallets  were  being 
packed..  Nearly  every  pallet 
that  was  transported  the  first 
few  weeks  had  at  least  one 
case  of  IV  fluid  and  the 
accompanying  hardware.  We 
also  packed  more  IV  fluid  on 
the  Air  Transportable  Clinic 
(ATC)  pallet  than  was  called 
for  in  the  standard  table  of 
allowances.  This  program 
worked  and  luckily  we  used 
very  little  of  the  IV  fluid 
that  made  it  to  Saudi. 

Oral  hydration  was  emphasized 
at  all  times  both  before  and 
during  the  deployment.  The 
television  news  media  actually 
helped  by  reporting  the 
massive  amount  of  water  that 
everyone  would  require  in  the 
desert.  Commanders  and 
supervisors  were  diligent  in 
making  sure  lots  of  water  was 
consumed  by  everyone.  The 
commander  also  waived  the 
regulation  about  loose 
objects,  specifically  plastic 
water  bottles,  on  the  flight 
line.  Water  bottles  would  not 
normally  have  been  allowed 
near  the  jets  due  to  potential 
foreign  object  damage  (FOD)  of 
the  engines. 

WORK  IN  THE  HEAT 

The  F-15  has  a  very  good 
Environmental  Control  System 
(ECS) .  This  keeps  the  cockpit 
cool  even  on  the  ground.  As 
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soon  as  both  anginas  start  tha 
canopy  is  closad  and  tha 
pilots'  tharaal  burdan  is 
assantially  aliainatad.  Tha 
operations  building  was  wall 
airconditionad  also.  All  tha 
barracks  rooas  wars 
airconditionad  as  well. 
Tharefora  tha  pilots  were  only 
8\ibj  acted  to  axtrena  heat  on 
the  way  to  the  jets  and  during 
pre-flight. 

The  ground  personnel  were 
subjected  to  the  heat  for 
their  entire  duty  period. 

Given  the  number  of  deployed 
personnel  and  the  required 
amount  of  work,  a  two  shift 
rotation,  twelve  hours  each, 
was  established.  The  change 
over  was  at  0200  hours  and 
1400  hours.  These  hours  were 
chosen  so  that  each  shift  was 
exposed  to  the  seune  amount  of 
intense  heat.  By  mid  October 
the  heat  had  moderated.  The 
base  gymnasium  was  the  only 
source  of  off  duty  activity. 
The  hours  for  United  States 
use  was  changed  so  the  work 
shift  hours  were  also  changed 
so  everyone  had  equal  access 
to  the  gymnasium. 

Individual  supervisors  were 
tasked  with  rotating  personnel 
during  the  heat  of  the  day. 

The  pace  of  the  work  depended 
a  great  deal  on  the  mission 
demands.  Luckily  early  in  the 
deployment  the  air  activity 
was  rather  modest  compared  to 
when  the  war  began  in  January, 
1991.  The  maintenance 
personnel  found  keeping  the 
jets  flying  during  a  summer 
Red  Flag  deployment  at  Nellis 
Air  Force  Base,  Nevada 
excellent  training  for 
operations  in  Saudi  Arabia. 
There  the  temperature  is  often 
over  43  C./llO  F.  When  any 
member  felt  too  hot  they  were 
allowed  to  rest.  We  had  no 
heat  casualties  with  this 
system. 


Shade  was  a  highly  sought 
after  commodity  in  the  desert. 
Whether  it  be  a  building, 
aircraft  shelter,  or  simply 
just  being  under  the  jet 
itself.  Anything  left  in  the 
sun  rapidly  got  too  hot  to 
touch  without  gloves.  The 
exposed  parts  of  the  jets  got 
too  hot  to  work  on.  When  the 
pilots  climbed  in  they  found 
the  cockpit  area  too  hot  if 
the  canopy  had  not  been  left 
open.  Sun  shelters  and 
aircraft  shelters  were  the 
primairy  places  any  work  was 
done  on  top  of  the  jets  during 
the  day.  Issuing  gloves  that 
provided  adequate  dexterity 
for  the  maintenance  troops  was 
important.  The  best  gloves 
proved  to  be  the  pilot  flight 
gloves.  They  are  leather 
palmed  for  protection  and 
nomex  backed  for  coolness. 

The  use  of  the  wide  brimmed, 
"floppy",  hat  also  helped 
decrease  the  sun  exposure. 

Not  only  did  it  help  keep  the 
head  cooler  but  it  prevented 
sun  from  blistering  the  tops 
of  the  ears  and  the  nose. 

Also  their  skin  was  already 
conditioned  by  the  sun. 

Coming  from  a  hot,  sunny 
climate  like  the  coast  of 
Florida  was  a  real  benefit. 

The  clinic  and  each  units 
supply  area  issued  sunscreen 
and  lip  balm.  We  had  very  few 
cases  of  sunburn.  Sunglasses 
were  also  worn  by  most 
personnel.  These  were  good 
quality  glasses  personally 
procured  for  the  Florida  sun. 
They  also  helped  keep  some  of 
the  blowing  dust  and  dirt  out 
of  the  eyes.  Everyone  was 
issued  goggles  for  the  sand 
but  few  wore  them. 

COLD 

The  deployment  continued  into 
the  winter  months.  By  the 
time  the  war  began  in  January, 
1991  the  temperatures  on  the 
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desert  were  cold  especially  at 
night.  No  one  brought  cold 
weathe*:  gear  in  August  so 
theraal  underwear,  coats,  and 
gloves  were  issued  to  the 
troops.  Also  the  sail  systen 
was  working  well  be  that  tine 
and  personnel  had  cold  weather 
clothes  sent  fron  hoae.  It 
was  not  unusual  for  wind  chill 
teaperatures  to  be  below  -15 
C./5  P.  at  night.  The  war  was 
fought  around  the  clock. 

Again  supervisors  were 
responsible  for  Insuring 
everyone  had  adequate  wara 
clothes  for  the  long  nights. 
There  were  no  cases  of  frost 
bite  seen  at  our  base. 

Once  again  the  pilots  were  not 
subjected  to  the  cold  for  long 
periods  of  time.  They  were, 
however,  concerned  about  the 
possibility  of  ejecting  during 
the  cold  nights.  During 
ejection  all  you  take  with  you 
is  what  you  have  on.  No  one 
wanted  to  be  evading  in  Iraq 
and  become  a  casualty  of  the 
cold  first.  All  wore  thermal 
underwear  beneath  their  flight 
suits  in  case  this  happened. 

CHEMICAL  DEFENSE  TRAINING 

The  only  heat  casualties  came 
while  the  unit  exercised  in  a 
chemical  defense  scenario. 
Everyone  deployed  had 
exercised  with  the  chemical 
warfare  defense  ensemble 
before  deployment.  They  were 
all  familiar  with  the  heat 
load  imposed  while  wearing  the 
suit.  Unfortunately  there 
were  no  training  suits 
available  for  exercise 
scenarios  at  our  deployed 
site.  Due  to  the  limited 
shelf  life  of  a  suit  once  it 
has  been  opened,  use  of  the 
suits  in  an  exercise  was  not 
possible.  As  a  substitute 
rubber  rain  suits  were  worn 
for  an  exercise.  As  little  as 
the  chemical  suits  breath  and 
as  much  as  they  build  up  heat 


the  rain  suits  were  much 
worse.  There  were  three  heat 
victims  who  were  brought  to 
the  clinic  for  care.  All 
three  had  rectal  temperatures 
over  40  C./104  F.  They  were 
aggressively  cooled  with  water 
and  fans.  Each  received  three 
liters  of  IV  fluid.  All  three 
recovered  uneventfully.  Fron 
that  point  on  we  exercised 
with  the  mask  only  and  did  not 
simulate  the  chemical  suit 
with  a  rain  suit.  Personally 
I  had  never  lost  so  much  fluid 
and  become  so  hot  as  during 
that  particular  exercise.  The 
rain  suits  did  not  breath  at 
all.  My  flight  suit  literally 
dripped  at  the  creases  when  I 
came  out  of  the  suit  to  treat 
the  casualties.  In  retrospect 
this  scenario  nay  seen  dumb  or 
shortsighted,  but  at  the  tine 
training  realism  was  a 
priority.  We  wanted  the  unit 
to  be  prepared  in  case  we  were 
attacked  with  any  weapon. 

CONCLUSION 

There  were  many  factors  which 
made  this  deployment 
successful.  First  among  them 
was  the  excellent  command 
involvement  and  decisions 
throughout  the  planning, 
deployment,  and  finally 
operating  in  the  adverse 
environment.  If  it  was 
possible  to  do  it  the  correct 
way  the  unit  did  it  that  way. 
The  command  understood  and 
took  the  responsibility  for 
aggressive  hydration.  They 
also  used  the  personnel  in  the 
smartest  manner  possible  to 
minimize  the  heat  exposure  to 
each  member.  Deploying  from  a 
hot  climate  where  everyone  was 
already  acclimated  to  the  sun 
and  heat  was  very  beneficial 
also.  Using  already  acclima¬ 
tized  troops  should  be  a  rec¬ 
ommendation  for  any  future 
deployment.  The  training  our 
unit  received  on  a  regular  ba¬ 
sis  before  the  deployment  was 
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key.  Even  though  the  environ- 
■Mntal  conditions  were  eore 
severe  in  Saudi  Arabia  the 
guiding  principles  learned  in 
a  hot  environment  could  be 
applied  there  also.  Without 
good  fortune,  the  foresight  of 
our  commanders,  and  excellent 
training  the  opportunity  ex¬ 
isted  for  severe  problems  due 
to  the  heat.  Luckily  ve  did 
conquer  this  environmental 
obstacle. 
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XOTKMMICTIOII.- 

Himan  and  anlaals  often 
exhibit  a  remarkable  ability 
to  adapt  to  harsh  or  rapidly 
changing  environmental 
conditions.  One  obvious  means 
of  adaptation  is  to  move  to 
where  the  environmental  stress 
are  less  severe.  The  body  also 
has  many  physiological 
response  for  adaptation.  There 
is  an  ample  literature  on 
adaptative  mechanisms  and 
processes  (10) .  When  a  person 
becomes  acclimatized  the 
hypothalamus  an  other  body 
control  organs  and  systems 
settle  into  ciooperative 
equilibrium,  with  certain 
chemical  or  hormonal  levels 
that  are  appropriate  for  that 
particular  season  (11). 

An  unacclimatized 
personnel  is  unfit  but  after 
successive  daily  exposures  to 
heat  becozms  more  able  to  work 
and  they  feels  the  heat  less. 
Heat  regulation  is  improved, 
at  least  in  part,  by  the 
induction  of  sweating  at  a 
lower  Internal  body 
temperature  (10).  Sweating 
appears  to  be  the  main 
thermoregulatory  mechanism 
operating  in  hot  environments. 
Sweat  is  hypotonic  to  plaszui, 
and  exercise  depletes  both 
Intracellular  and 
extracellular  fluid  volumes. 


The  summer  clizAte  in  the 
south  of  Spain  is 
characterized  by  high  ambient 
temperatures  and,  in  our  area, 
there  is  a  high  percentage  of 
humidity  usually.  These 
environmental  conditions, 
provoke  a  high  heat  stress 
either  aircraft  crews  and 
ground  personnel.  Even  though 
all  personnel  assigned  to 
Badajoz  Air  Base  are 
acclimatized  to  these  harsh 
conditions,  the  fact  of 
performing  an  air  exercise, 
which  require  to  maintain 
aircrafts  in  a  condition  of 
readiness  for  iiamediate 
takeoff,  and  a  permanent 
ground  standby  alert 
situation,  may  significantly 
add  to  the  total  heat  stress 
load. 

The  present  study, 
describes  how  simple  dietary 
rules,  can  prevent  the  hurtful 
conse^ences  following  to 
involuntary  dehydratation 
provoked  by  sweating. 


MATniAL  AMD  MBTHOD8.- 

This  study  has  been 
performed  on  Badajoz  Air  Base 
in  August  92,  along  two  weeks, 
during  "Encina  92"  air 
exercise.  Badajoz  Air  Base  is 
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locatcKi  in  th«  southwest  of 
Spain,  near  to  Portugal 
border. 

116  subjects,  eilitary 
personnel,  belonging  from 
Spanish  Air  Force,  assigned  to 
Badajoz  Air  Base  were  studied. 
All  subjects  were  acclieatized 


to  the  habitual  environeental 
teiQMiratures.  Ihe  prolongation 
of  the  work  tine  and  the 
changes  in  the  usual  schedule 
were  the  only  differences  fros 
the  habitual  work  conditions. 
The  Table  1  shows  the  sain 
data  about  all  groups. 


Anthropometric  Data 

Groups 

■ 

• 

•• 

D 

Age 

Height 

Weight 

BMI 

A  s  Controlled  P. 

27,5±2,46 

175,S±5,12 

77,12±5,81 

25,0±0,8 

B  -  Uncontrolled  P. 

25 

27,4±2,74 

175,9±5,21 

78,08±7,32 

25,2  ±14 

C  s  Controlled  M. 

27 

30,0±4,66 

174,7±4,36 

77,31  ±5,77 

254±0,8 

D  -  Uncontrolled  M. 

34 

30,8±4,66 

17S,0±0,04 

77,25  ±543 

25,2±14 

P  s  Pilots 

•  S 

B  cm 

All  data:  Mean±SD 

M  =  Mechanics 

«« 

=  Kg 

Table  1 

The  Southwest  of  Spain  is 
characterized  by  very  hot 
weather  sunsers.  Wet  and  dry 
tesperatures  were  obtained  by 
mercury  conventional 
thermometers  PHIES  (See  Figxire 
1) .  The  wet  temperature,  was 
obtained  by  a  thermometer  vrrap 
up  in  a  thin  cloth,  moisten 
with  distilled  water.  All 
thermometers  are  placed  inside 
an  special  container  over  the 
grass  in  shadow  area  near  to 
control  tower.  Wet  Bulb  Globe 
Temperature  (WBGT)  (Figure  4) 
and  Fighter  Index  Thermal 
Stress  (FITS)  (Table  2) ,  were 
used  as  index  of  thermal 
stress,  and  WBGT  was 
calculated  from  the  standard 
formula:  WBGT  »  0.7*Wet 
temperature  -i-  o.3*Dry 
temperature  (3) . 
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Wet  and  Diy  Temperatures 
Average 


0  7  13  15  18 

Time 


JOA*  JlfV 

Figure  1 


Wet  Bulb  Globe  Temperatures 


TIhc  hrs 

JOAAWV  Figure  4 


TiM  tatol*  3  suBBaris*  th« 
standard  sllitary  clothas  in 
iqpanish  Air  Pores  cm  subbst 
tlBs  for  both  pilots  and 
Bschanies. 

VMwfc  UaifcfMf  SAP 


Pints 


fUiStiwt 
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IkMMn  (cMMa) 

ruimkMtt 
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Ths  figiirss  2  and  3  show 
ths  tinstabla  of  pilots  and 
Bschanics  activities  and 
snvironBsntal  conditions.  The 
Bost  part  of  the  physical 
activities  for  all  groups 
studied,  were  aerobic,  even 
though  the  pilots,  during  the 
air  coBbats,  were  under 
anaerobic  conditions  because 
anti  6  straining  naneuvers. 


Pilots's  work  scheduled 


Mcchaaks'  work  scheduled 


Pipw«3 


The  prograBBed  dietary 
intake  was  a  "typical 
B ed i t e r r a n e a n  diet" 
characterized  by  following 
ratio:  55  -  60  % 

carbohydrates,  25  %  lipids  and 
15  ••  20  %  proteins.  The 

caloric  aaount  was  3.000  Kcal 
daily,  split  into  three  Bain 
and  two  "Binor"  intakes  (4) . 
See  table  4. 

Programmed  Diet 


>•  Daily  Caloric  amount  3000  Kcal 

>■  Ratio:  55^  %  CH.;  25  %  Up.;  15-20  %  Prot. 

>  Split  in:  3  main  &  2  "minor”  intakes 

^  At  14  O'dock:  "Gazpacho"  (500  ml) 


1^Me4 

Likewise  all  controlled 
personnel  Bust  drink  water 
(pilots  drunk  1500  ml  for 
three  hours  before  flight,  and 
Bechanics  drunk  3000  b1  for 
the  work  tine) . 

In  order  to  Beasure  the  water 
reposition  in  uncontrolled 
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subjects,  thfliy  aust  not*  th« 
Mount  of  liquid  Intakes  ovary 
tlM  they  drunk.  In  addition. 
In  tha  main  naal,  at  14 
o'clock,  all  controlled 
subjects  mist  drink  half  a 
litre  of  "gazpacho",  a  typical 
Spanish  liquid  susaer^food, 
rich  In  carbohydrates, 
vitamins  and  mineral  salts, 
with  the  cozqposltion  listed  In 
table  5. 


Gazpacho 

»  IbaatoM  aaS  bnad 
»  Grcca  pepper 
»  Cecaaber 

»  OIhre  oU,  salt,  gadk,  rlacgar  aad  water 

»  Vitaadas:  A,  a,  C,  E.  H,  PP. 

Adda:  Poile,  (hulk,  Malk 

»  loas:  Na,  Ca,  Fe,  Mf.  Ma,  K,  P,  S,  Cl  aad  Ca. 


Fluid  Balance  and  Fluid 
Deficit  were  calculated  as 
follow: 

FB  (ml)wH20  Intake  (ml)  - 
Sweat  rate  (g) 

FD  (%)« [Sweat  rate(g)-H20 
intake  (ml)] /[Sweat  rate 
(g)*100]  (1). 

At  the  end  of  the 
exercise,  all  studied  groups 
were  submitted  to  an  inquiry 
asking  about  the  following 
topics:  see  table  6. 

INQUIRY 


Apic* 


»1  >N«ki^ 

>  2  <■  Uuk 

>  3  >  Noraul 
*  4  a  Lug, 


In  this  study  were 
measured  the  parameters  sho«m 
In  table  7. 


Ot^aedre  parasMtert 
Pilots  41  Mcchaaics 


iired 

PUots 


Start 

Sta<b 


Body 

Wdght 

a 

Hdgkt 


Ead 

Stady 


Body 

Wdgkt 


DaUy 


mter 


Pro  A  PSitj 
FUght 


Body 

Wei^t 


Statistical  analysis  was 
performed  using  the  One-Way 
MANOVA  test,  the  Man-Whitney, 
Student's  T  and  Cochran  test. 

KBSOLTm.- 

Figure  5  shows  fluid 
changes  In  pilots.  In  this 
parameter  It  has  been  together 
considered  all  fluid  loss: 
sweat,  urine  and  respiratory 
loss.  We  don't  find  any 
significative  difference 
between  Group  A  and  B  In  the 
weight  loss. 


Fluid  changes 
Pilots 


m 


•  • 


5  •  Vh7  LbrgB 


figwm  5 


On  th«  othnr  hand,  a 
signltlcatlv*  statistically 
(p<0.01)  diffsrsncs  bstwsan 
Group  A  and  B  in  ths  fluid 
balancs  has  boon  found. 

Fluid  changes  evolution, 
in  aechanics  (see  figure  6) , 
was  sinilar  that  in  pilots.  No 
significative  differences  were 
found  in  loss  of  weight.  But  a 
significative  statistically 
(p<0.01)  difference  bettfeen 
groups  C  and  D  was  obtained  in 
the  fluid  balance. 


Fluid  changes 
Mechanics 


The  Controlled  Groups  (A 
and  c)  and  Uncontrolled  Groups 
(B  and  D) ,  with  a  similar  loss 
of  body  weight,  shown  a 
remarkable  difference  in  Fluid 
Balance. 


Figure  7  shows  the  fluid 
deficit  observed  in 
uncontrolled  subjects.  Groups 
B  and  D,  versus  the  positive 
fluid  balance  observed  in 
controlled  subjects.  Groups  A 
and  C. 


Fluid  Dencit 


Figure  8  shows  the 
results  obtained  from  the 
inquiry  answered  by  the 
pilots.  A  significative 
statistically  differences 
between  groups  A  and  B  were 
found  in  Tiredness  (p<0.01). 
Irritability  (p<0.0i),  Thirst 
(p<0.0l)  and  Post-Sleep  well¬ 
being  (p<0 . 01) .  No 

significative  differences  were 
found  in  the  remain  questions. 

Inquiry 

Pilots 


Hgun  S 
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A  significative 
statistically  (p<O.Ol) 
difference  between  Groups  C 
and  D,  in  the  thirst  was  the 
only  renarkable  finding. 
Controlled  Mechanics  (Group  C) 
shown  less  tiredness  and 
irritability  than  uncontrolled 
■echanics  (Group  D) ,  but  this 
data  did  not  have  statistical 
signification.  Figure  9. 


iBqiiiry 

Mcckaaics 


DZ8CU88ZOV.- 

Before  starting  with  data 
analysis,  we  think  doing  the 
next  explanation  is  useful: 
All  ground  personnel  were 
submitted  to  the  sane  heat 
stress  level,  because  the 
mechanics  activities  are 
similar  along  the  time  work. 
For  this  reason,  the  mechanics 
data  relative  to  weight  loss 
and  fluid  intake,  were 
expressed  as  the  mean  value  of 
the  all  measures  tedce  along 
the  working  day.  On  the  other 
hand ,  the  data  about  the 
pilots  were  collected  at  the 
start  and  the  end  of  the 
flight  missions.  This  fact 
point  out  that  the  pilots 


could  were  submitted  to 
different  heat  stress  level 
motivated  by  the  different 
take  off  time.  But,  along  of 
the  two  weeks  of  air  exercise, 
they  change  the  take  off  time 
every  day.  Since,  they  were 
submitted  to  the  same  heat 
stress  level,  we  have 
considered  the  mean  value  of 
data  as  the  ground  personnel. 

Subjects  with  fluid 
intake  guided  only  by  thirst 
(groups  B  and  D) ,  shown  a 
negative  fluid  balance  versus 
subjects  with  compulsory  fluid 
int^Uce  that  maintained  a 
positive  fluid  balance.  The 
involuntary  dehydratation 
fluid  deficit  -  observed  in 
these  uncontrolled  Groups,  go 
on  unadvised  for  them.  In  this 
way,  results  show  the  fluid 
deficit  observed  in 
uncontrolled  subjects.  Groups 
B  and  O,  versus  the  positive 
fluid  balance  observed  in 
controlled  subjects.  Groups  A 
and  C.  This  Fluid  Deficit 
observed  in  Uncontrolled 
Groups,  is  caused  by  the  delay 
of  drinking  sufficient  fluid 
to  compensate  for  fluid  loss 
when  htnaans  are  subjected  to 
stressful  conditions,  usually 
exercises  and  heat  exposure, 
as  in  the  present  study  (6). 

For  this  reason,  making 
methodical  hydratation 
guidelines  to  subjects  working 
under  hot  and  stressful 
environment  is  fundamental  to 
avoid  involuntary 
dehydratation  and  its 
following  consequences. 

Sweat  is  hypotonic  to 
plasma,  and  exercise 
particulary  in  a  hot 
environment  depletes  both, 
intracellular  and 
extracellular  fluid  volumes 
(9).  The  result  is  usually  an 
increase  in  plasma  sodium  and 
osmotic  concentrations,  which 
in  turn  could  stimulate  thirst 
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and  drink.  Praquantly,  nlnlnal 
changas  In  osnolality  during 
axarciaa  in  atrass  anvironMnt 
trould  not  hava  baan  of 
aufficiant  aagnituda  to  induca 
significant  drinking.  But,  tha 
cantral  narvous  systan  is  vary 
sansitiva  to  intarnal  sadivui 
variations,  changas  in  fluid 
and  alactrolyte  concantration 
specially  (5).  Evan  thought 
this  changas  do  not  hava 
affact  ovar  tha  sain  brain 
functions  and  tha  subjects  do 
not  stopping  nomal  daily 
activities,  this  fluid  changas 
sight  hava  raparcussion  on 
tlradnass,  irritability,  post 
slaap  wall-being  etc.  .idiich 
could  ba  causa  of  parfomances 
decrease  (2,  7,  8  and  12)  in 
both,  pilots  and  ground 
personnel,  affecting  to  flight 
safety.  Although  the  level  of 
heat  stress  wich  results  in 
decreased  pilot  perforsance 
and  an  increased  risk  of  both 
pilot  error  and  accident  is 
not  known,  the  decline  in 
efficiency  of  sental  functions 
and  physical  work  output  as  a 
result  of  increased  thersal 
stress  is  well  established 
(7) .  In  this  study,  subjects 
with  a  positive  fluid  balance 
shown  better  physical  and 
psychological  condition  than 
subjects  with  fluid  deficit. 

People  have  developed 
traditional  cook  in  order  to 
adapt  the  different  food  to 
seasonal  environnental 
conditions.  In  this  sense,  in 
our  country,  the  "Gazpacho"  is 
an  energetic  liquid  meal,  rich 
in  electrolytes  and  vitamins, 
very  adequate  to  drink  in  the 
summertime  in  wazm  regions 
since  under  hot  weather 
temperatures,  people  can  be 
remain  inappetent  and  they 
prefer  drink  to  eat.  In  this 
way,  "gazpacho"  is  a  cool 
drink  nutritive,  refreshing 
and  it  have  a  very  good  taste. 

In  conclusion,  since 


getting  a  total  cllmatized 
ambient  in  all  work  areas,  it 
is  impossible,  a  controlled 
and  compulsory  fluid  intake  in 
personnel  submitted  to  harsh 
ambiental  conditions,  that 
provoke  high  heat  stress  load, 
it  can  prevent  negative 
effects  of  stieating  increase 
as  adaptative  mechanism  to  hot 
environment.  This  controlled 
and  compulsory  hydratation, 
cheap  and  easy  to  do,  could 
prevent  performances  deficit, 
either  pilots  and  mechanics, 
contributing  to  maintain  a 
better  level  of  flight  safety. 
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A  flight  trial  was  conducted  at  RAF 
Akrotiri  to  assets  the  level  of 
themal  strain  associated  with,  and 
the  G  protection  provided  by.  the 
prototype  European  Fighter  Aircraft 
(EFA)  Interin  aircrew  equlpoient 
asseaibly  (ABA)  In  a  warm  cllsMte.  Six 
subjects  flew  a  standardized  sortie 
four  times  in  the  RAF  1AM  Hawk 
aircraft:  two  idille  wearing  the  EFA 
AEA  and  two  wearing  standard  Hawk 
SunsMr  AEA.  The  sortie  profile 
Included  slsiulated  air  coaibat  and  four 
high  G  turns.  Cockpit  temperatures, 
rectal  and  »kln  tesiperatures ,  heart 
rate  and  sweat  rate  were  recorded. 
Subjective  thermal  comfort ,  fatigue 
and  G  tolerance  were  also  assessed. 
Skin  temperatures  at  the  chest,  back 
and  upper  thigh  sites  and  mean  skin 
temperatures  were  greater  in  flight 
and  sweat  rate  was  Increased  when  the 
EFA  AEA  was  worn.  However,  rectal 
temperature  and  heart  rate  did  not 
differ  significantly  when  the  EFA  AEA 
was  worn,  indicating  that  hoswostasis 
was  maintained  by  thennoregulatory 
mechanisms.  Superior  G  protection  was 
provided  by  the  EFA  AEA.  Taken  as  a 
«dxole,  these  findings  suggest  that 
wearing  the  EFA  AEA  in  a  warm  climate 
is  associated  with  an  Increased  but 
not  unacceptable  level  of  thermal 
stress  while  offering  greater  G 
protection.  These  results  may  not 
generalize  to  conditions  where  ambient 
tesiperatures  are  higher  or  where  more 
Insulative  protective  clothing  is 
required . 

1.  nmtODHCTKHI 

The  European  Fighter  Aircraft  (EFA)  is 
an  agile  cosibat  aircraft  capable  of 
sustaining  levels  of  -fC  acceleration 
higher  than  can  be  passively  tolerated 
by  aircrew  using  current  isethods  of 


protection.  To  reduce  the  effort 
required  to  tolerate  high  G,  a  G 
protection  system  has  been  developed 
which  msploys  Increased  coverage  antl- 
G  trousers  and  positive  pressure 
breathing  with  chest  counter-pressure. 
Centrifuge  studies  have  shown  that 
these  ganaents  allow  -f9  G,.  to  be 
tolerated  with  little  siore  than 
moderate  muscle  tensing  and  reduced 
levels  of  fatigue.  These  findings 
were  confirmed  in  a  flight  trial  of 
the  enhanced  G  protection  system  using 
the  RAF  1AM  Hawk  aircraft. 

This  enhanced  G  protection  system, 
embodied  in  the  EFA  Interim  AEA, 
involves  covering  an  extensive  area  of 
the  body  with  an  Imperamable  layer  and 
it  has  been  suggested  that  this  may 
produce  an  unacceptable  level  of 
thermal  stress  costpared  with  existing 
antl-G  AEA.  Centrifuge  studies  have 
shown  that  thermal  stress  is 
associated  with  a  reduction  in  passive 
G  tolerance. If  significant 
thermal  stress  is  produced  by  wearing 
the  EFA  interim  AEA,  this  may 
cooiproisise  the  level  of  G  protection 
provided  by  the  assembly  and  affect 
aircrew  performance  and  flight  safety. 
These  effects  may  be  exacerbated  when 
operating  in  a  hot  environment. 

Standard  anti-G  AEA,  which  has  much 
reduced  coverage  compared  with  the  EFA 
AEA,  provides  a  lower  level  of 
insulation  and  a  lesser  impedance  to 
sweat  evaporation,  particularly  over 
the  torso.  However,  exposure  to  the 
levels  of  4Gz  likely  to  be  experienced 
in  the  EFA  would  require  aircrew  to 
perform  a  maximum  antl-G  straining 
manoeuvre  (AGSM).  This  manoeuvre 
generates  significant  levels  of 
metabolic  heat  which  if  not  dissipated 
to  the  envlronaient  may  produce  thermal 
strain  thereby  reducing  G  tolerance. 
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Tha  objectlv*  of  this  trial  was  to 
coaipars  tha  laval  of  subjactlva  and 
objactiva  tharaal  strain  Isqiwsed  by 
tha  prototypa  BFA  Intarla  ABA  with 
that  produced  by  standard  ABA  in  a  hot 
cliaata  and  to  assess  any  associated 
change  in  6  protection. 


2.  MBTWH) 

Sublacts.  Six  pilots,  aged  from  27  to 
48  years,  volunteered  to  participate 
in  the  flight  trial.  Subjects*  total 
flying  hours  ranged  from  ISOO  to  6500 
with  a  mean  of  1947.  Hawk  hours 
ranged  from  100  to  800  with  a  mean  of 
395. 

Design.  Bach  subject  flew  4  sorties. 

2  wearing  the  standard  Hawk  summer  ABA 
and  2  wearing  the  EPA  interim  ABA. 

The  pressure  breathing  schedule 
provided  by  the  modified  517  regulator 
fitted  to  the  Hawk  aircraft  during 
this  trial  provided  pressure  breathing 
from  -l-l.O  Gjj  with  pressure  increasing 
by  10mm  Hg.6~^.  The  antl-6  trousers 
were  inflated  by  the  standard  Hawk 
antl-G  valve  fitted  with  a  pressure 
relief  valve  idiich  operated  at  12.5 
psi.  The  sorties  were  flown  at  3 
different  times  of  day;  4  of  the 
pilots  were  tested  at  0900h  and  1300h, 
while  the  remaining  2  flew  only  at 
llOOh.  Each  subject  flew  only  one 
sortie  per  day.  This  unbalanced 
design  was  adopted  to  provide  a 
completely  balanced  element  -  the  4 
pilots  tested  at  2  times  of  day  - 
which  would  be  relatively  easy  to 
complete  in  the  face  of  equipment 
failure  or  other  trial  difficulties. 
The  additional  data  from  the  1100 
sorties  could  be  added  independently. 
The  allocation  of  clothing  assemblies 
to  sorties  ensured  that  the  coaiparlson 
between  different  AEAs  was 
uncontaminated  by  time  of  day  or 
subject  effects. 

Sortie  Profile.  The  sorties  were 
flown  in  the  RAF  XAM  Hawk  XX327  and 
consisted  of  a  structured,  pre¬ 
arranged  flight  profile  which  was 
designed  primarily  to  siarulate  the 
anticipated  workload  and  G  environment 
of  air  combat  in  BFA  but  which  also 


1.  Vearing  full  ABA  excepting 
helmet,  leave  AC  ops  accosBodation, 
and  walk  to  Fit  Line  Control. 

2.  Walk  from  Fit  Line  Control  to 
aircraft. 

3.  Coeq>lete  aircraft  initial  and 
external  checks. 

4.  Strap  in.  pre-start  checks, 
close  canopy,  start  engine  and  post 
start  checks. 

5.  Taxy  to  runway  holding  point. 

6.  Take  off  and  initial  climb. 

7.  Transit  to  ’High  Gz’  datum 
position  to  south  of  airfield. 

8.  Execute  wind  up  turn  to  -l-S.S  Gz 
(1st  High  G  turn). 

9.  Climb  to  FL  250  and  maintain  for 
10  sdns. 

10.  Re-position  to  *Hlgh  Gz’  datum 
position  and  execute  wind  up  turn  to 
4’6.5  Gz  (2nd  High  G  turn). 

11.  Climb  and  commence  directed 
simulated  ACM  for  10  minutes. 

12.  Re-position  to  ’High  Gz’  datum 
position  and  execute  wind  up  turn  to 
■*■7.5  Gz  (3rd  High  6  turn). 

13.  Enter  Akrotiri  circuit  pattern 
for  instrument  and  visual  approaches 
(approximately  5  minutes). 

14.  Re-position  to  ’High  Gz’  datum 
position  and  execute  wind  up  turn  to 
■f8.5  Gz  (4th  High  G  turn). 

15.  Recover  and  land  at  take  off  ■f45 
minutes 

16.  Post- landing  checks 

17.  Taxy  in,  close  down,  canopy  open 
and  climb  out. 

18.  Return  to  ops  acccmmodatlon  via 
fit  line. 

19.  Debriefs  etc. 

TABLE  1 

BXFERIMBRTAL  FLIGHT  PROFILE 
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included  additional  aleaanta  to 
•anipulata  tharaal  strata  and  to 
assess  G  protection  (Table  1).  A  10 
adnute  period  at  23,000  ft  (PL230)  was 
included  in  the  flight  profile  to 
siaulate  the  cooling  that  adght  be 
obtained  during  a  high  level  transit. 
This  had  the  additional  advantage  of 
separating  the  themal  stress  of  the 
pre-flight  period  froei  that  associated 
vlth  subsequent  elesients  of  the 
profile.  Three  visual  circuits  were 
included  to  siaulate  the  theraal 
stress  of  low  speed,  reduced  power 
flight . 

Enviromaental  Measures. 

Meteorological  data  consisting  of  dry 
bulb  (T^w),  wet  bulb  (T^^),  and  wot 
bulb  globe  temperatures 
surface  wind  speed  and  direction, 
cloud  cover,  and  other  significant 
weather,  were  collected  for  the  take¬ 
off  times  of  each  sortie.  T^j,  and 
relative  humidity  (ZRH)  were  measured 
in  the  room  in  which  the  subjects  were 
instruatented  and  dressed.  Throughout 
each  sortie,  cockpit  T^i,,  T^j,  and 
miniature  black  globe  temperatures 
(T.)  were  measured  using  a  sensor 
cluster  mounted  on  the  left-hand  side 
of  the  front  ejection  seat  and  were 
recorded  by  an  airborne  thermal  data 
recorder  (ATDR) . 

■K?z  acceleration  was  measured  using  an 
acceleroBieter  (530  ADA/ 32,  Smiths 
Industries;  ■l■/-12G)  laounted  on  the 
right  console  of  the  rear  cockpit. 
Output  from  the  accelerometer  was 
passed  to  a  signal  conditioning  card, 
converted  to  a  digital  signal  and  was 
recorded  digitally  using  a  video 
character  inserter  card  to  produce  an 
image  of  the  numerical  value  of  the 
level  of  6  on  the  video  tape 
recording  from  the  camera  in  the  front 
cockpit . 

Physiological  Measures .  The 
physiological  measures  were  deep  body 
temperature  using  a  thermistor  (YSI 
700  series)  inserted  10  cm  beyond  the 
anal  margin,  skin  teaiperature  using 
thermistors  (YSI  700  series)  at  the  8 
sites  detailed  in  Table  2,  heart  rate 
using  EC6  electrodes,  and  sweat  rate 


forearm 
biceps  * 
chest  * 
abdaawn 
upper  back 
lower  back 
thigh  * 
calf  * 

Skim  Thermistor  Sites 
(*  Sites  for  Ramanathan  mean) 

TABU  2 


by  nude  weighing.  Temperature  and 
heart  rate  data  were  recorded  at  one 
Biinute  intervals  on  a  man-siounted, 
airborne  thensal  data  recorder  (ATDR) 
designed  and  built  at  the  RAP  lAM. 

The  thersdstor  and  ECG  electrode  leads 
and  the  lead  for  the  cockpit 
environmental  cluster  sensors  were 
connected  to  the  ATDR  by  a  series  of 
multi-pin  connectors  idtich  were  stowed 
under  the  flying  coverall  in  a  fabric 
pouch  held  on  a  waist  belt.  Once  the 
subject  was  fully  dressed,  the  ATDR 
was  inserted  in  the  left  thigh  pocket 
of  the  anti-G  trousers  and  the 
instrumentation  harness  lead  was 
connected. 

Subjective  Measures.  Subjective 
thermal  cosdort,  fatigue,  effort 
necessitated  by  anti-G  straining 
manoeuvres,  and  visual  loss  under  G 
were  assessed  using  5  point  rating 
scales  developed  for  this  trial. 
Following  each  sortie,  subjects 
participated  in  a  structured  interview 
to  record  overall  thermal  comfort, 
subjective  G  protection,  fatigue. 
Incidence  of  arm  pain  and  other 
physical  symptoms  and  to  assess  the 
comparative  effectiveness  of  the  Hawk 
standard  and  EFA  Interim  ASAs. 

S.  FROCEDimB 

Prior  to  the  trial,  subjects  attended 
RAF  lAM  for  ASA  fitting  and 
centrifuge-based  high  ^G^  training  up 
to  j-I.A  G^  as  proposed  for  EFA 
aircrew.  Before  the  trial,  each 
subject  coapleted  a  7  day 
acclimatization  period  at  RAF 


Akrotirl. 


On  the  dsy  of  tooting ,  oubjocto 
roportod  two  hours  boforo  ocbodulod 
toko-off  tlaw  for  inotrunontotion  in 
an  air-conditionod  roooi  (T^v  21*^0  to 
2S°C:  RH  40Z  to  502).  Baoolina 
thomal  coofort  and  fatigua  lovola 
woro  rocordod.  Following  inaortion  of 
the  rectal  therBiator,  aubjocta  woro 
weighed  nude  and  then  instruawntod 
with  the  BCG  electrodoa  and  the  skin 
thermistors  at  the  sites  detailed  in 
Table  2.  Subjects  were  re-weighed 
following  donning  of  the  previously 
weighed  ABA.  ATDR  logging  was 
initiated  and  further  theraial  comfort 
and  fatigue  ratings  were  recorded. 
Subjects  remained  in  air-conditioned 
accomnodation  until  they  walked  the 
100  metre  distance  to  the  aircraft  to 
conduct  preflight  checks.  On 
completion  of  external  checks  the 
subject  donned  his  helmet,  cheat 
counter-pressure  garment  (CC6P)  and 
lifejacket,  fatigue  and  thermal 
comfort  were  recorded,  the  subject 
strapped  in,  and  the  cockpit  sensor 
cluster  was  connected  to  the  ATDR.  A 
check  of  ATDR  function  was  made  at 
this  stage.  The  aircraft  cockpit  was 
covered  by  a  canvas  shade  which  was 
rolled  away  prior  to  canopy  closure. 

The  sortie  profile  was  directed  from 
the  rear  seat  by  a  RAF  lAM  pilot  irtio 
acted  as  aircraft  captain  and  irtio 
recorded  subjective  thermal  comfort, 
fatigue,  AGSM  effort  and  visual  loss 
under  G.  This  direction  ensured  that 
each  flight  profile  was  identical  in 
content  and  duration  (Table  1).  The  4 
turns  and  the  simulated  ACM  were 
performed  over  the  sea  at  altitudes  of 
2,000  to  8,000  ft.  Subjects  were 
Instructed  to  perform  the  AGSM  as 
normal  when  wearing  standard  ABA  but 
when  wearing  the  BFA  ABA  to  strain 
only  if  visual  loss  occurred.  Air 
combat  was  simulated  by  requiring  the 
subject  to  detect  a  threatening 
aircraft,  the  position  of  which  was 
indicated  by  the  aircraft  captain’s 
raised  hand.  An  open  hand  indicated  a 
’threat’  within  lethal  firing  range 
requiring  a  maximum  turn  for 
survival.  A  closed  fist  represented  a 


threat  outside  firing  range  which 
required  a  defensive  manoeuvre  whilst 
maintaining  visual  contact.  Bach 
threat  was  presented  cnce  per  minute 
in  random  positicms  behind  the  pilot 
and  Involved  15  seconds  within  lethal 
firing  range  and  15  seconds  out  of 
firing  range.  This  required  the 
subject  to  make  continuous  bead  and 
torso  moveawnts  to  keep  visual  contact 
with  the  threat  whilst  exposed  to  a 
moderate  to  high  40^,  environawnt. 

This  profile  was  designed  to  simulate 
the  smtabolic  demands  of  air  coodmt 
iHiilst  standardising  the  workload  in  a 
reproducible  way. 

Throughout  the  flight  the  cabin 
conditioning  system  control  remained 
at  the  mid-point  position.  This 
provided  a  moderate  degree  of  cooling 
without  risk  of  the  system  ceasing  to 
function  normally  due  to  freesing. 

On  coeq>letlon  of  the  sortie,  the 
cockpit  environmental  cluster  was 
disconnected  from  the  man-isounted 
ATDR,  and  the  subject  returned  to  the 
instrumentation  room.  Be  was  weighed 
clothed,  assisted  in  doffing  flying 
clothing  and  instrvimentatlon,  and  was 
then  re-weighed  nude  prior  to  removing 
the  rectal  thermistor.  The  short, 
structured  interview  followed. 

Data  Analysis.  Measures  of 
physiological  and  environsiental 
variables  were  gathered  at  one  minute 
intervals  throughout  the  flight. 
Subjective  assessments  were  collected 
at  13  key  points;  to  sistpllfy 
interpretation  the  analysis  of  the 
physiological  measures  was  confined  to 
the  same  time  points.  All  measures 
were  initially  compared  using  analysis 
of  variance  (ANOVA) .  Four  factors 
were  identified;  occasion  within  the 
sortie  -  13  levels;  time  of  day  -  3 
levels;  ABA  -  2  levels;  and  subject, 
irtiicb  was  treated  as  a  random  effect. 
In  addition,  the  ANOVA  was  used  to 
check  for  effects  of  sortie  sequence 
on  all  the  variables  in  order  to 
detect  any  systematic  change  in 
conditions  or  effects  of 
accllmatixation.  Comparisons  between 
time  of  day  are  partially  between  and 


partially  within  tubjact.  All 
raawlnlng  coa^rlaona  ara  within 
aubjacta.  aa  ara  tlaa  of  day 
Intaractlona  with  tha  othar  factora. 
Tha  aajor  part  of  tha  analyaia  waa 
diractad  towarda  dlffarancaa  batwaan 
tha  2  ABAa  and  tha  a»ra  co^laz 
coaqMriaona  batwaan  tliMa  of  day  hava 
not  baan  Invaatigatad  In  datall.  For 
algnlflcant  ABA  Intaractlona  tha  awana 
for  tha  2  ABAa  wara  coapared  uaing 
Dunn* a  awthod  for  aach  of  the  levels 
of  tha  other  factors.  Tha  subjective 
owasuras  wara  Investigated  in  more 
datall  using  analysis  of  covariance  to 
seek  possible  explanatory 
relationships  with  physiological  or 
envlronawntal  awaaures.  The  digitally 
recorded  data  were  analysed  by 
fitting  an  upward  linear  trend  to 
represent  rate  of  G  onset,  a  period  of 
constant  G  representing  the  turn,  and 
a  declining  linear  trend  to  represent 
recovery  from  the  turn.  This  provided 
3  key  parameters:  rate  of  onset  of  G, 

G  level  during  the  plateau,  and 
duration  of  the  plateau.  These  were 
then  investigated  using  analysis  of 
variance  with  the  same  factors  as  the 
Bialn  body  of  the  measures. 

4.  BBSULTS 

All  sorties  were  flown. in  accordance 
with  the  planned  profile,  and  at  the 
planned  times  of  day.  Timings  and 
durations  were  accurate  to  less  that 
*1-2  minutes.  One  sortie  (Day  1, 

1300  TO)  was  repeated  due  to  failure 
of  the  ATDR.  During  another  sortie 
the  ■f7.5  G^  turn  was  abandoned  for 
flight  safety  reasons. 

Analysis  of  the  results  showed  that 
there  was  no  systematic  change  in  the 
environsMntal  conditions  nor  did  the 
physiological  and  subjective  sieasures 
show  any  systematic  change  with  tlsn 
throughout  the  trial  period. 

Ground  Envlroi.  aeiit .  Four  steasures  of 
external  condlt.'cnis  (Tdb-  »wb-  W 
and  ZRH)  were  analysed  tor  dlfferefices 
between  times  of  day  and  between 
clothing  conditions.  A  simple  model 
taking  account  of  the  2  effects  and 
their  interactions  was  fitted  to  the 


Tims 

Tdb 

Twb 

(h) 

Std 

BFA 

Std 

BFA 

0900 

28.4 

28.6 

22.8 

22.8 

1100 

30.0 

31.8 

24.1 

23.2 

1300 

30.4 

31.8 

24.1 

22.8 

Time 

(h) 

Twbgt 

Std  BFA 

ZRB 

Std 

BFA 

0900 

27.2 

26.3 

62.3 

62.3 

1100 

28.4 

28.0 

61.0 

30.5 

1300 

28.1 

27.8 

60.3 

47.5 

Mean  Meteorological  Cooditions 
TABLE  3 


observations  to  test  for  systmatic 
bias.  Mo  differences  were  found 
(Table  3). 

Cockpit  roiMient- ■  COCkpit 
conditions  varied  significantly 
throughout  the  sortie  and  T^jv,  T  and 
RH  were  also  influenced  by  ti^  of 
day.  There  was  no  systesiatic  bias 
between  the  2  different  AEAs.  Thecaml 
stress  showed  a  consistent  pattern 
throughout  all  the  sorties  with  high 
Tjw  during  taxi  and  line  up  for  take¬ 
off  (3S°C-40°C}  at  1300h  and  slightly 
lower  values  earlier  in  the  day 
(Figure  1).  Tj^  fell  to  between  Z5°C 
and  30°C  during  the  10  minutes  at 
FL2S0  and  then  climbed  during  the  rest 
of  the  sortie  to  values  between  30°C 
and  35^C  by  the  time  the  aircraft  had 
landed  and  was  taxying  back  to  the 
dispersal. 
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Cockpit  Clobo  Taaporoturo 


Cockpit  VB6T 


FieOtl  2 


FX6IU  4 


T_  thowtd  a  tlmllar  pattern  vlth 
highest  values  on  the  ground  during 
the  third  sortie  of  the  day  (4S°C 
to50°C),  falling  to  values  hetween 
27°C  and  SS°C  at  PL2S0,  rising  to  40°C 
to  4S°C  post  flight  (Figure  2). 

Cockpit  huaddity  reflected  in 
(Figure  3}  was  high  during  taxi  and 
line  up  for  take-off  (circa  SOZ),  fell 
rapidly  to  values  below  lOZ  at 
altitude  and  then  steadily  rose  to 
reach  values  at  the  end  of  the  sortie 
idilch  were  just  below  those  occurring 
pre-flight.  Overall  thermal  stress, 
quantified  by  T  bg*  ^)«  ahowed 

a  pattern  not  sl^lflcantly  different 
for  either  the  2  AEA  conditions  nor 
for  the  time  of  day.  with  values 
between  25°C  and  30°C  prior  to  take¬ 
off.  falling  to  15°C  at  FL2S0,  and 
rising  to  preflight  levels  by  the  end 
of  the  sortie. 
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Onset 

Level 

Ourat 

(G.s"^ 

)  (G) 

(s) 

Turn 

1 

1.11 

5.34 

15.02 

Turn 

2 

1.22 

6.37 

13.37 

Turn 

3 

1.51 

7.22 

13.14 

Turn 

4 

1.30 

7.99 

12.37 

Means  for  Bigh  6  Turns 
TABLB  4 


G  Eovlromnent.  There  were  no 
significant  effects  of  AJBA  on  any  of 
the  three  awasures.  The  means  are 
displayed  in  Table  4. 

5.  FHTSIOLOGICAL  DATA 

Rectal  Temperature(T  ).  The  ANOVA 
showed  that  the  EFA  AEA  did  not 
produce  a  significant  effect  on  T^^ 
although  this  measure  was  Influenced 
by  stage  in  the  sortie  and  by  the  tisie 
of  day.  The  pattern  of  change  of  T^^ 
was  consistent  for  all  sorties, 
involving  a  fall  froai  the  initial  high 
value  associated  with  dcnmlng  the  AEA, 
a  steady  rise  from  take-off  time  and  a 
plateau  after  the  AOl  {duse  (Figure 
5).  Itean  T„  was  lower  for  the  0900h 
sortie  than  for  the  later  sorties. 

Skin  Teameratures.  The  EFA  AEA  did 
not  produce  significant  differences  In 
skin  tesqwratures  of  the  biceps, 
forearm,  abdoawn,  lower  back,  and  calf 
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sites.  However .  Um  BTA  AIA  wee 
sssociated  with  higher  skin 
tesqMretares  et  the  chest,  beck  end 
upper  thigh  sites  during  the  flight. 
All  of  the  skin  teaperetures  were 
effected  by  the  chewing  environaentel 
ctmditions  to  which  the  subjects  were 
exposed.  Skin  teegteretures  et  the 
chest  end  thigh  sites  varied  with  tiaa 
of  day.  The  leeenethen  swan  akin 
teapereture  figure  d).  the 

swans  of  the  tesgwratures  of  the  4 
torso  sites  end  the  aeen  of  the 
teaqwreture  of  the  2  leg  sites  were 
higher  during  flight  when  the  BPA  ABA 
was  worn.  The  aeens  of  the 
teapereturea  aeasured  et  the  era  sites 
were  not  different  between  the  two 
asseablies.  In  both  clothing 
essead>lieo,  ell  skin  teaqwretures 
showed  a  siadler  pattern  throughout 


the  aweeureasnt  period.  Teapereturea 
rose  following  dressing  to  reach  their 
highest  values  around  take-off.  Those 
sites  not  coversd  by  the  counter¬ 
pressure  gaments  showed  significant 
falls  in  skin  taaperaturs  during  the 
phase  at  FL250  followed  by  a  steady 
rise  to  preflight  values  by  the  end  of 
the  sortie.  The  tesiperature  of  those 
areas  covered  by  anti-G  trousers  and 
the  CCF6  reaained  significantly 
elsvated  throughout  the  sortie  (Figure 
7). 

Heart  rate.  Heart  rate  (Figure  8)  was 
high  during  walk-out  and  external 
checks  (113beats.alnute'^) ,  siaulatsd 
ACM  (113beats.ad.nutc*^) ,  and  the  7.5 
and  8  4G^  turns  (lOSbcsts.sd.nute*’^) . 
There  was  no  effect  of  ABA  on  heart 
rate. 
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2nd  high  G  turn. 
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Swat  Secratlon.  Th«  calculated  awaat 
•aeration  rata  waa  invaatlgatad  ualng 
ANOVA  with  3  factora;  aubjact,  ABA  and 
•ortla.  Main  affacta  and  the  2 
intaractioaa  with  fixed  affacta  ware 
conaidarad.  Tha  raaulta  ahowad  that 
awaat  aacration  waa  laaa  with  atandard 
Baidc  ABA  than  with  BPA  ABA.  Mean 
awaat  aacration  rataa  are  at  Table  5. 

6.  SOlJlCTm  DATA 

Tharauil  comfort  waa  influenced  by  tiaw 
of  day,  ABA  worn,  and  by  tha  atage  of 
tha  aortia.  Oiacoatfort  acoraa  ware 
laaat  at  0900  and  graataat  at  1300  and 
ware  aignificantly  higher  following 
the  10  oiinuta  period  prior  to  taka-off 
and  on  complation  of  tha  aortia  at 
angina  shutdown.  The  BFA  ABA  waa 
•aaociatad  with  greater  diacomfort 
only  at  tha  and  of  tha  tranait  period 
(p<0.0S){  tha  aamll  diffarancea  aaan 
at  other  atagea  ware  not  aigniflcant 
(Figure  9).  Thera  waa  no  affect  of 
clothing  on  aubjectlva  fatigue  but 
fatigue  ratinga  ware  aignificantly 
higher  following  alaulatad  ACM  and  for 
the  reat  of  the  aortia  (Figure  10). 


9.  Sinulatad  ACM. 

10.  3rd  hijh  G  turn. 

11.  4th  high  6  turn. 

12.  Landing. 

13.  Engine  ahut  down. 


r«l 


Fatigua 
FI60BB  10 


Aaaociationa  between  aubJactlYa 
thermal  comfort  and  body  tamparaturaa 
ware  inaaatigatad  uaing  Analyala  of 
Covariance.  All  tha  factora  in  tha 
original  andal  ware  included  in  tha 
analyaia,  ao  that  tamparaturaa  could 
be  aaaaaaad  aa  potential  axplanatora. 
It  waa  found  that  the  only  aigniflcant 
poaitive  aaaociation  waa  between  T^^ 
Hhe  mean  of  the  2  taaqMraturea 
aaaaured  on  the  arm)  and  thermal 
comfort  (p<0.0S).  However, 
not  a  coaq^lata  azplanator, 
diffarancea  in  thermal  coaifort  between 
different  pointa  in  tha  aortia  ware 
•till  aigniflcant. 


t.rm  «• 
n  that 


maMM  eaa* 

Thermal  Comfort 

F16QBB  9 


Wearing  tha  BFA  ABA  had  a  aigniflcant 
affect  on  both  antl-6  atralning 
manoeuvre  effort  and  aubjactive  vlaual 
loaa.  Effort  during  all  4  tuma  and 
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III—  1  ttm  i*fMm  vtwm 


ABSM  Kffort 


nCORS  11 


■  amvdCa  ISTA 

Visual  Lott 
nGDRS  12 


timulated  ACM  vat  significantly  lets 
«rtien  the  EFA  AEA  was  worn  (Figure  11). 
At  6.5  -K)  the  swan  effort  rating  «dten 
wearing  the  EFA  AEA  was  0.45  (ie 
between  ’no  effort’  and  ’a  little 
effort’)  whereas  in  standard  AEA  the 
corresponding  value  was  1.85  (ie  just 
less  than  ’moderate  effort’).  This 
difference  was  accentuated  at  7.5 
vdiere  the  values  were  1.35  (ie  just 
more  than  ’a  little  effort’)  and  2.85 
(ie  just  less  than  ’a  lot  of  effort’) 
respectively,  and  at  8.5  -fG,,  where  the 
values  were  1.54  (ie  between  ’a  little 
effort’  and  ’moderate  effort’)  and 
3.72  (ie  close  to  ’maxisum  effort’). 
Similarly,  subjective  visual  loss  was 
less  during  all  4  turns  and  siaulated 
ACM  when  the  EFA  AEA  was  worn 
although  this  difference  was  only 
significant  for  the  ■f7.5  and  -l-E.S 
turns  (Figure  12). 


It  was  anticipated  that  there  would  be 
a  link  between  6  level  and  the  2 
subjective  measures,  visual  loss  and 
AGSH  effort.  To  investigate  the  nature 
of  the  associatiem  between  these 
measures,  swan  recorded  6  level  was 
treated  as  a  covariate  with  different 
slopes  for  the  two  assemblies  in  an 
analysis  of  covariance  for  each  of  the 
two  subjective  assesssMnts  in  irtiich  G 
turn  number  (ie.  the  level  of  -IG^ 
specified  in  the  protocol),  AEA  worn, 
subject,  and  the  Interactions  of  these 
factors  were  treated  as  affects.  The 
affect  of  the  covariates  was  not 
demonstrably  present  for  either 
subjective  swasure.  However,  if  the 
factor  defining  G  Turn  -  and  thus  the 
general  expected  C  level  -  was  reanved 
with  its  interactions,  different 
positive  associations  between  visual 
loss  and  G  level  for  the  two 
assemblies  were  found.  The  gradient 
of  the  relationship  between  visual 
loss  and  G  level  for  standard  AEA  was 
16.06  (p<0.01)  whereas  that  for  EFA 
ASA  was  only  10.06  (p<0.05).  A  similar 
pattern  was  found  for  AGSM  effort: 

1.05  for  standard  ASA  (p<0.00l)  and 
0.52  for  EFA  AEA  (p<0.01). 

Analysis  of  comments  collected  during 
post-flight  Interview  suggested  that 
subjects  experienced  greater,  but  not 
intolerable,  thermal  discomfort  whilst 
wearing  the  EFA  AEA.  Thermal 
discomfort  was  high  during  the  ground 
phases  of  the  sortie,  and  when  outside 
the  aircraft,  regardless  of  AEA  worn, 
but  was  Intensified  by  the  EFA  AEA. 

When  asked  to  compare  the  level  of  'K> 
protection  offered  by  the  EFA  AEA  with 
that  provided  by  the  standard  assembly 
under  UK  operating  conditions,  the 
subjects  indicated  that  the  EFA  AEA 
provided  somewhat  to  considerably  more 
protection.  There  was  some  evidence 
to  indicate  a  lowering  of  -fG^ 
tolerance  associated  with  heat:  two 
subjects  reported  that  the  standard 
AEA  offered  somewhat  less  protection 
under  trial  conditions  than  under  UK 
conditions,  and  one  subject,  who  had 
experience  of  the  EFA  AEA  under  UK 
conditions,  reported  that  the  assembly 
provided  somewhat  less  protection 


♦ 
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duriac  tlM  trial  aertlas. 

Thara  waa  coaaidarabla  variation  in 
aubjacta*  axparianca  of  am  pain  at 
high  idiilat  waaring  the  IFA  AlA. 
Two  aubjacta  did  not  axparianca  pain, 
and  two  reported  only  aiild  pain, 
occurring  at  lavala  of  of  6.5  and 
greater.  Two  aubjacta  reported 
■odarata  to  aavare  am  pain  during 
ainulatad  ACM  and  during  tuma 
involving  lavala  of  of  6.5  and 
greater.  Pain  tended  to  be  confined 
to.  or  to  be  aora  aavare  in,  the  left 
am.  Only  one  aubjact  experienced  am 
pain  whilat  wearing  the  atandard 
aaaawbly;  ha  reported  aMdarate  to 
aavare  bilateral  pain  when  either 
aaeaably  waa  worn. 

A  nuabar  of  aubjacta  reported 
raatriction  of  aobility  aaaociatad 
with  the  BFA  ABA.  Three  coaaantad 
that  the  full  coverage  anti>G  trouaera 
raatrictad  aobility  outaida  the 
aircraft;  two  aubjacta  noted  that 
aoveaent  of  tha  upper  body  during 
siaulated  ACM  waa  baapared  by  the 
cheat  counter*preaaure  garaent. 

Vhen  invited  to  indicate  whether  or 
not  they  had  a  preference  for  either 
ABA,  all  aubjects  expreaaed  a 
preference  for  the  EPA  aaaeably, 
although  two  indicated  that  thia 
applied  only  for  expoaure  to 
levela  greater  than  7;  at  lower  levels 
of  -fG^,  the  protection  provided  by  the 
standard  assembly  was  considered 
adequate,  and  an  advantage  was 
conferred  by  the  ABA  being  less 
restrictive.  Overall,  the  BFA 
assembly  was  felt  to  offer  greater 
protection,  and  made  the  profile 
easier  and  less  tiring  to  fly, 
although  one  subject  considered  the 
am  pain  associated  with  the  assembly 
*a  significant  disadvantage." 

7.  DZSCDSSKMI 

This  trial  was  designed  to  provide  a 
thermal  and  -fG^  Acceleration 
environaient  in  idiich  the  protection 
provided  by,  and  the  thermal  stress 
associated  with,  the  BFA  ABA  could  be 
assessed.  The  RAF  lAM  Hairic  is 


authorised  to  attain  ■f9.5G  during 
trial  flying.  *AcadeaU.c*  high  -fG^ 
turns  (ia.  turns  flown  in  a 
staadardiaad ,  reproducible  way)  in  the 
Hawk  aircraft  do  not  reproduce  the 
workload  of  true  air  coadmt  nor  does 
simulated  ACM  produce  the  very  high 
levels  of  acceleration  likely  to  be 
experienced  in  an  agile  combat 
aircraft  such  as  BFA.  Workload  during 
the  simulated  ACM  phase  was  controlled 
by  the  safety  pilot  in  the  rear  seat 
and  was  smde  as  demanding  as  possible, 
consistent  with  maintaining  a 
reproducible  level  of  effort.  High 
was  provided  by  a  series  of 
academic  turns  during  which  visual 
loss  and  A6SM  effort  were  steasured. 

4^8. 5G^  was  chosen  as  the  highest  level 
to  prevent  the  aircraft  being 
accidentally  over  stressed  by  4G^ 
levels  above  the  authorized  amximun. 

It  was  considered  that  the  workload 
involved  in  resisting  the  effects  of 
this  level  of  acceleration  are  not 
significantly  different  from  that 
involved  at  ■f9.5G2,  and  that  this 
level  was  adequate  to  assess  the  6 
protection  provided  by  the  2 
assemblies,  especially  in  the  13° 
upright  seat  of  the  Hawk.  However, 
high  4G  acceleration  is  very 
difficult  to  sustain  in  the  Hawk 
because  of  limited  engine  thrust,  a 
situation  compounded  by  increasing 
altitude  and  high  ambient  temperature. 
In  order  to  achieve  ■t-7.5G2  and  ■fB.5G^ 
a  considerable  dive  was  required  to 
obtain  the  required  airspeed.  It  was 
lisposslble  to  maintain  these  high  -fG^ 
levels  for  the  intended  15s  but 
virtually  all  the  turns  were  held  for 
more  than  10s  (Table  4),  sufficient 
time  for  visual  loss  and 
cardiovascular  compensation  to  occur. 
Table  4  shows  that  the  first  3  turns 
were  within  ■f0.3G2  of  the  level 
specified  in  the  protocol  but  that  the 
final,  highest  level  turn  was  sotae 

less  than  the  level  specified 
in  the  protocol. 

The  environmental  conditioning  system 
(ECS)  of  the  Hawk,  although  adequate 
for  teaqwrate  climates,  produces  a 
significant  thermal  stress  in  warmer 
cllamtes.  The  canopy  must  be  closed 


bcfort  •aglM  start  and  tha  degraa  of 
cooling  providod  by  tha  KS  iriion  tha 
angina  ia  at  low  powar  aatting  ia 
■iniawl.  Tha  Filota*  Notaa  authoriaa 
tha  naa  of  70Z  angina  rpa  axpcaaaly  to 
provida  aoca  cooling,  but  this 
facility  waa  not  uaad  in  thia  trial. 
Tha  RS  control  aatting  waa  aaiintainad 
in  tha  adddla  of  ita  oparating  ranga, 
partly  to  provida  a  conalatant  laval 
of  tharaal  atraaa  batwaan  aortiaa,  but 
alao  to  pravant  watar  wapour  fraasing 
in  tha  ayataa  causing  intaradttant  and 
unpradictabla  failuras  during  tha 
trial.  Tha  dagraa  of  tharawl  atraaa 
azpariancad  by  tha  trial  aubjacts  can 
ba  assassad  by  ccaparing  tha  naasurad 
cockpit  conditiona  with  those 
predicted  conditions  for  thanaal 
coafort  in  ^a  nodal  dawalopad  by 
Richardson.'*^  For  thia  laval  of 
clothing  insulation  and  tha  flight 
profile  and  anvironawntal  conditions 
exparlancad  at  RAF  Akrotlri,  a  cockpit 
temparatura  of  approziaiataly  6^C  would 
be  required  for  confort.  If  the 
actual  awan  cockpit  conditions 
experienced  during  thia  trial  are  used 
to  predict  the  naan  coafort  vota,^^^  a 
value  of  approxiawtaly  6  is  obtained 
equivalent  to  'Vara*  on  tha  7  point 
ASHRAS  coiafort  scale  which  is  outside 
the  recognised  cooifort  region. 

The  time  between  canopy  closure  and 
take-off  was  approximately  15  to  20 
minutes  during  which  time  the  aircraft 
was  taxied  to  the  runway  threshold. 
This  period,  irtiich  was  associated  with 
high  levels  of  theroal  stress  (T^j,  30 
-  40°C;  Tg  35  -  50®C)  was.  for  most 
sorties,  unnecessarily  long.  However, 
it  was  included  in  the  flight  profile 
to  allow  for  the  possibility  of  longer 
taxylng  tlaws  or  other  air  traffic 
preventing  take-off  on  tine.  In 
addition,  a  phase  of  ground  operation 
of  this  nature  could  easily  ba  a  part 
of  SFA  developnant  or  operational 
flying.  As  a  consequence  of  this 
arrangement,  no  take-off  was  awre  t2un 
15  s  away  from  the  scheduled  take  off- 
time  and.  Indeed,  the  subsequent 
phases  of  the  sortie  were  all  flown  to 
within  +/-  2  ailnutes  of  their 
scheduled  tines. 


Tha  10  minute  period  at  FL250  was 
associated  with  reduction  in  the  level 
of  thermal  stress.  This  was  included 
in  tha  flight  profile  in  order  to 
assese  tha  affect  of  a  medium  or  high 
level  transit,  a  likely  coqxmant  of 
an  air  combat  sortie,  but  also  to 
separata  tha  affects  of  preflight 
thermal  stress  from  that  generated 
during  Simula tad  ACM  and  tha 
subsequent  high  turns. 

Tha  absence  of  any  sortie  sequence 
effect  on  tha  variables  measured 
confirms  that  there  was  no  systematic 
change  in  the  environmental  conditions 
through  tha  trial  and  also  that  tha 
subjects  were  adequately  acclimatised. 
Tha  raaults  indicate  that  tha  EFA  AJSA 
was  more  thermally  stressful  and 
produced  aK>ra  thermal  strain  than  the 
standard  AZA  as  indicated  by  higher 
skin  temperatures,  greater  sweat  loss 
and  decreased  thersuil  comfort  for  part 
of  tha  sortie.  Skin  teapereturea  were 
higher  in  those  areas  of  the  body 
covered  by  impenneable  garments, 
reaching  37®C  on  the  chest  in  soam 
sorties  (Figure  7),  and  it  was 
noticeable  that  these  areas  did  not 
benefit  from  the  cooler  and  drier 
cockpit  conditions  which  occurred  at 
FL250.  Despite  this,  with  the 
exception  of  temperatures  measured  on 
the  arm,  there  was  no  significant 
relationship  between  skin  temperatures 
and  thermal  comfort.  However,  it  is 
possible  that  thersial  comfort  is 
related  awre  to  general  heat  balance 
and  that  rate  and  direction  of  skin 
temperature  change  aUght  be  better 
predictors  of  this  variable.  Because 
of  insufficient  information  about  work 
load  and  consequential  heat 
production,  this  hypothesis  could  not 
be  tested  in  this  analysis. 

Core  and  skin  teaqwratures  are  a 
manifestation  of  body  beat  content  and 
are  influenced  by  rates  of  heat 
production  and  loss.  In  this  study 
there  was  no  significant  difference  in 
awan  rectal  temperature  between  the 
two  AEAs.  However,  awan  skin 
temperatures,  especially  over  the 
torso,  were  higher  during  the  flight 
phase  when  the  EFA  AEA  was  worn. 
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Howavar,  thla  effact  on  haat  lost  aaj 
ba  partially  offaat  by  dacraaaad 
aatabollc  haat  production  as  a  raault 
of  raducad  A6SM  effort  alten  the  EFA 
ASA  la  worn.  Further  atudlaa  are 
needed  to  aeasura  Mtabollc  rata  In 
high  6  flight  with  and  without 
enhanced  6  protection. 

Although  the  differencea  in  tharaal 
comfort  between  EFA  AEA  and  atandard 
AEA  In  thla  trial  were  not  great,  at 
higher  levala  of  environmental  atreaa 
or  when  more  Inaulative  clothing  (such 
as  lomiersion  suits  or  NBC  AEA)  la  worn 
th.>.s  effect  may  become  more 
significant.  Similarly,  although 
sweat  rates  were  not  high  enough  to 
constitute  a  serious  threat  of 
dehydration,  sweating  was 
significantly  greater  with  the  EFA 
AEA,  a  difference  likely  to  be 
accentuated  at  higher  levels  of 
thermal  stress.  Rectal  temperature 
was  unaffected  by  the  AEA  worn  and 
remained  within  safe  llaiits  despite 
rising  in  response  to  the  thermal 
stress  Imposed.  A  clear  circadian 
rhythm  was  evident  in  measures  of 
Subjective  measures  of  fatigue 
reflected  the  level  of  work  load 
through  the  sortie  but  were  unaffected 
by  the  AEA  worn. 

These  results  indicate  that  despite 
the  Increased  thermal  stress 
associated  with  the  EFA  AEA, 
compensatory  thenooregulatory 
mechanisms  were  operating  effectively 
to  maintain  homeostasis.  Furthermore, 
the  EFA  AEA  provided  superior  antl-G 
protection,  allowing  -t-S  to  be 
tolerated  with  little  or  no  straining 
effort.  The  degree  of  visual  loss 
experienced  during  high  G  turns  and 
simulated  ACM  was  significantly 
reduced  when  the  EFA  AEA  was  worn. 

All  subjects  indicated  a  preference 
for  the  EFA  AEA  for  ACM  and  high  >G 
flight. 

Subjective  assessments  of  AGSM  effort 
idillst  wearing  the  EFA  AEA  were  higher 
than  expected.  Previous  centrifuge 
work  has  shown  that  uring  the  EFA 
Interim  AEA  with  pressure  breathing 
with  G  (PB6),  +8.36^  can  be  tolerated 


without  straining. All  the 
subjects  in  this  study  had  received 
centrifuge  training  with  PB6  up  to 
t7.4  G-  and  during  the  trial  were 
brlefea  to  strain  only  if  visual  loss 
was  experienced.  However,  subjects’ 
comateots  indicated  that  these 
experienced  Hndi  pilots  found  it 
difficult  to  inhibit  the  automatic 
action  of  straining  whilst  pulling 
4G  .  Visual  loss  during  the  turns  was 
only  significantly  different  at  the  2 
highest  levels  of  G.  Experienced 
pilots  report  that,  even  when  wearing 
standard  AEA,  visual  loss  would  not  be 
expected  at  -ts.SG^  and  would  be 
ainisial  at  -fB.SG^  when  flying  the 
aircraft.  The  level  of  visual  loss 
recorded  whilst  wearing  the  EFA  AEA, 
which  was  greater  than  expected,  may 
have  been  a  consequence  of  this 
straining  reducing  the  effectiveness 
of  the  PBG  system.  However,  further 
research  is  required  to  test  this 
hypothesis . 

The  analysis  of  the  relationship 
between  6  level  and  the  subjective 
measures  of  visual  loss  and  AGSM 
effort  indicate  the  presence  of  a 
general  positive  association,  but 
fails  to  identify  a  direct  association 
between  the  variation  of  the  measures 
about  generally  prescribed  values. 
However,  G  level,  visual  loss  and  AGSM 
effort  are  measures  taken  from  a 
potential  closed  loop  control  system, 
in  that  if  visual  loss  increases,  G 
level  might  be  decreased  by  the  pilot. 
The  relationship  with  AGSM  effort  is 
likely  to  be  more  complex  since  if 
visual  loss  supervenes,  the  pilot  may 
either  increase  straining  or  relax  the 
rate  of  turn  thus  reducing  G  level. 

Any  direct  open  loop  causative 
relationship  is  likely  to  be  masked  in 
measures  taken  from  the  closed  loop 
system  involving  negative  feedback  by 
the  pilot,  and  it  is  sunaised  that 
this  is  the  explanation  for  the 
absence  of  the  significance  of  the 
covarlate  in  the  analysis. 

The  occurrence  of  arm  pain  was 
variable  but  appeared  to  be  consistent 
with  previous  experience  of  this  AEA. 
The  greater  Incidence  in  the  left  arm 
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Miy  b«  diM  to  tb«  fact  that  with  tho 
laft  hand  tm  tha  throttla,  tha  left 
foraana  la  sqm  lOOaaa  lowar  than  tha 
right,  a  poasibla  cauaa  of  ani  pain 
baing  tha  rlaa  in  vanous  prasaure  that 
occura  in  tha  foraara  during  PB6 
(unpuhXiahad  RAF  lAM  data). 

8.  OMCLOSIOMS 

Thia  trial  deawnatratad  that  waarlng 
the  prototype  BFA  Intaria  ABA  in  a 
warm  cliaate  waa  aaaociatad  with  an 
increaaed,  but  not  unacceptable,  level 
of  thamal  atraas.  The  anti-G 
protection  provided  by  the  ASA  waa 
auperlor  to  that  offered  by  the 
atandard  aaaembly  and  this  benefit 
outweighed  the  cost  to  theraal 
comfort.  However,  these  findings  may 
not  generalize  to  conditions  where 
ambient  temperatures  are  higher  or 
where  there  is  a  requirement  for 
highly  insulative  protective  clothing. 
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SatlRRY 

Th«  MBC  protnctlv*  nqulpaent 
and  fscilltlaa  in  aarvlca  with  OK 
forcos  aust  ba  used  when  an 
approprlata  thraat  axintt 
Irraapactlva  of  cllaata. 
Modlf icatlona  to  tha  Individual 
aaaaabliaa.  Including  provision  of 
haatad  ventilating  air  to  the  aircrew 
respirator  and  additional  insulation 
in  cold  conditions  together  with 
■aana  to  increase  loss  of  body  heat 
in  hot  cllsMtes  and  combined  with 
changes  to  procedures  and  adaptation 
of  concepts  of  use;  can  minimise  the 
Impedance  to  effective  air  operations 
which  Buiy  occur  from  the  additive 
effects  of  wearing  MBC  protective 
equlpswnt  in  cliamtic  extremes. 

IHTKOPqCTIOH 

It  is  generally  recognised  that 
cheaiical  warfare  agents  may  be  faced 
by  NATO  forces  during  future 
conflicts  either  in  limited 
operations  or  in  the  less  likely 
event  of  a  major  conflict.  It  is 
essential,  therefore,  that  the 
protection  standards  for  aircrew 
remain  high  and  proficiency  In  the 
use  of  individual  protective 
equipment  (IPB)  together  with  the 
procedures  required  to  utilise  the 
equipment  on  the  ground  and  In  the 
air  must  be  swlntalned  by  regular 
exercises  and  practice.  However,  in 
the  broader  military  scene  the  very 
threat  of  chemical  (CV)  attack 
already  has  a  beneficial  effect  for 
the  enemy  such  that  friendly  forces 
must  expend  time  and  resources  to 
counter  its  effects  even  before  it  is 
used,  and  even  though  it  may  not. 
Indeed,  be  used.  These  precautions 


cost  us  operational  effectiveness. 
The  problem  is  further  compounded  if 
the  operations  have  to  take  place 
under  extreme  hot  or  cold  weather 
conditions.  Recent  experience  in  the 
Persian  Gulf  and  repeated  trials  in 
Arctic  conditions  have  identified 
modifications  to  NBC  protective 
equipment  used  by  Dnlted  Kingdom 
Forces  and  changes  to  procedures 
which  can  minimise  the  additional 
impediment  to  operational 
effectiveness  caused  by  adverse 
weather. 

The  United  Kingdom  MBC 
protective  system  for  aircrew 
comprises  five  different  facets  none 
of  which  can  be  isolated  from  the 
other  in  the  operational  scenario. 
These  components  of  the  defensive 
system  are  as  follosrst 

(1)  Aircrew  Respirator, 

(2)  Below  Neck  Protective 
Assemblies , 

(3)  Ground  Supply  Systems, 

(4)  Aircraft  Supply  Systems, 
and 

(5)  Collective  Protection 
Facilities  (COLPRO) . 

Details  of  each  of  these 
components  have  previously  been 
described  (2,  S)  and  this  paper 
considers  the  modifications  which 
must  be  introduced  in  order  to 
maintain  the  operational  capability 
of  aircrew  in  hot  and  cold  climates. 
These  modifications  and  changes  to 
procedures  are  considered  for  each  of 
the  components  of  the  Aircrew  NBC 
Protective  System. 
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In  general,  operations  from 
fixed  air  bases  where  carefully 
controlled  environmental  conditions 
can  be  maintained  within  the  areas  of 
collective  protection  and  the 
aircraft  used  have  effective 
environmental  control  systems  which 
can  maintain  adequate  thermal 
comfort,  modifications  to  equipment 
and  procedures  are  only  required  to 
ensure  safe  transit  from  the  areas  of 
collective  protection  to  the  aircraft 
and  permit  the  wearer  to  carry  out 
his  pre-flight  tasks  prior  to 
connection  to  the  aircraft  system.  A 
much  more  difficult  problem  is  posed 
for  operations  off-base  where 
unhardened  or  portable  collective 
protection  facil  ace  required 

and  operations  'Intalned  using 
aircraft,  particularly  helicopters, 
in  which  cabin  conditioning 
facilities  either  do  not  exist  or 
cannot  be  used  to  the  full  potential, 
eg  'doors  off*  helicopter  sorties  in 
Arctic  or  Tropical  (10)  conditions. 
The  implications  of  these  'worst 
case'  conditions  on  NBC  protection 
are  considered. 

OPERATIONS  IN  COLD  WBATHER  CONDITIONS 

Several  trials,  over  a  number 
of  years,  have  been  conducted  by 
United  Kingdom  Forces  in  Arctic 
conditions  (4,  10).  These  have 
contributed  to  the  evolution  of 
concepts  of  operations  using  forward 
bases  equipped  with  unhardened 
collective  protection  facilities. 
Support  of  these  facilities  poses 
fairly  major  logistic  problems  and  it 
is  not  the  purpose  of  this  paper  to 
discuss  how  these  problems  might  be 
overcome,  but  only  to  indicate  the 
requirements  of  the  individuals  in 
these  deployed  sites. 

Aircrew  Respirator 

The  United  Kingdom  aircrew 
respirator  irtiich  provides  protection 
of  the  head  and  neck  against  CV 
agents  needs  no  Introduction  and  is 
known  as  the  Aircrew  Respirator  NBC 


No  S  (AR5).  It  was  developed  some 
fifteen  years  ago  (2)  as  an 
underhelmet  respirator  and  is 
supplied  by  a  ventilating  flow  of 
filtered  gas  so  that  a  safety 
pressure  is  aiaintained  within  the 
respirator  and  a  continuous  flow  of 
gas  is  provided  through  its  interior. 
This  continuous  flow  ensures  that, 
even  if  a  break  in  the  seal  occurs, 
ambient  air  will  not  be  drawn  into 
the  respirator.  It  also  plays  an 
important  part  in  preventing  atisting 
of  the  internal  surfaces  of  the 
visual  area.  However,  in  cold 
conditions  the  flow  of  gas  impinging 
on  the  skin  may  well  cause  cold 
injury.  Without  modification,  the 
standard  Aircrew  Respirator  NBC  No  5, 
with  filtered  air  supplied  on  the 
ground  and  in  flight  in  helicopters, 
from  a  portable  ventilator,  is  safe 
to  use  continuously  only  at 
temperatures  higher  than  -IS^C  (S). 
Prolonged  use  below  this  temperature 
will  result  in  serious  cold  Injury  or 
frostbite. 

The  modifications  to  the  AR5 
which  have  proved  to  be  effective  in 
preventing  cold  injuries  caused  by 
contact  between  certain  areas  of  the 
respirator  and  facial  skin  are  still 
under  development  and,  although  not 
yet  fielded  within  the  Service,  have 
been  identified  as  follows: 

(1)  Attachment  of  a  shaped  piece  of 
fur-covered  fabric  to  the  lower  edge 
of  the  internal  aspect  of  the 
respirator  faceplate  and  extending 
downwards  to  prevent  direct  contact 
of  the  cowl  with  the  skin  of  the 
under-chin  area. 

(2)  Redistribution  of  the  gas  flow 
through  the  visor  compartment  which 
is  achieved  by  a  minor  modification 
to  the  deflector  plate  within  the 
respirator.  This  modification  also 
Includes  a  lining  of  fur-covered 
fabric  so  that  direct  contact  with 
the  skin  is  prevented. 
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(S)  Th«  ventilating  air  supply  to  tha 
respirator  has  to  be  heated,  and  this 
is  achieved  by  an  in-line  heater 
installed  close  to  the  inlet  to  the 
hood.  The  electrical  supplies  (28 
VDC)  to  the  heater  nay  be  provided 
on  the  ground  from  a  separate  battery 
and  in  the  air  from  aircraft  power 
supplies.  It  is  capable  of  raising 
the  temperature  of  the  gas  supplied 
to  the  respirator  by  approziswtely 
20*C. 

Below  Heck  Assemblies 

The  shortcomings  of  an 
overgarment  concept  of  NBC  protective 
suit  in  the  context  of  flight 
operations  led  to  the  developaient  of 
a  garment  containing  activated 
charcoal  which  is  worn  beneath  the 
outer  layer  of  current  normal  aircrew 
clothing  assemblies.  Thus,  the  NBC 
protective  system  integrates  well 
with  the  standard  cold  weather 
clothing  assembly  of  UK  aircrew. 
However,  until  recently  protection 
against  post-escape  immersion 
combined  with  NBC  assemblies  was 
unsatisfactory  since  the  immersion 
protection  suit  (Mk  10)  was  worn 
external  to  all  other  items  of 
equipment.  Thus,  once  contaminated 
it  had  to  be  cut  off  and  could  not  be 
re-used.  An  inner  Inmerslon  coverall 
has  now  ccmpleted  development,  is  in 
service  and  consists  of  a  partial 
double  layer,  closely  fitting 
coverall  which  is  worn  beneath  the 
NBC  coverall,  but  over  the  standard 
aircrew  underwear  and  thermal 
insulation  garments.  Use  of  this 
garment  provides  an  overwater  winter 
aircrew  NBC  assembly  (7). 

Collective  Protection 

It  is  well  recognised  that  the 
key  to  maintenance  of  air  operations 
beyond  24  hours  is  the  provision  of 
collective  protection  (6).  There  is 
no  doubt,  however,  that  aircrew 
operating  away  from  fixed  bases 
without  hardened  facilities  are  at  a 
serious  disadvantage  even  if  some 


form  of  portable  collective 
protection  is  available.  The 
portable  collective  protection  must 
Incorporate  facilities  to  provide 
users  with  food,  water,  lighting  and, 
moat  importantly,  (in  cold  climates) 
heating,  drainage  etc.  It  must  be 
capable  of  accoanodating  all  the 
aircrew  (albeit  on  a  shift  basis)  and 
yet  be  easily  and  rapidly  packed  for 
transport  in  the  event  that  a  change 
of  site  is  required.  Several 
approaches  to  this  problem  have  been 
described  (3.  8)  and  the  'PORTON* 
liners  adopted  by  UK  Forces  have  been 
successfully  utilised  in  temperate 
climates  with  appropriate  air 
filtration  units  and  tentage 
coverage.  Such  spartan  facilities  are 
very  difficult  to  operate  outside  of 
a  fixed  building  in  Arctic 
conditions.  The  practical  problems 
of  Oof f ing/Donning  contaminated 
clothing  and  entering  and  exiting 
collective  protection  outdoors, 
unprotected  from  Arctic  weather,  are 
self-evident.  Other  major  problems, 
which  can  be  generated  by  snow  melted 
by  the  warm  air  flowing  from  the 
collective  protection  facility  and 
later  re-freezing  when  the  air 
filtration  units  and  associated 
heaters  are  turned  off,  may  be 
virtually  insurmountable  and  prevent 
subsequent  re-use  or  dismantling  of 
the  facility  if  a  site  move  is 
required . 

The  main  operational  penalties 
imposed  by  aircrew  chemical  defence 
equipment  and  procedures  have  been 
identified  previously  as  arising  from 
the  encumbrance  of  the  respirator  and 
below  neck  assemblies  (ie  the  IPE)  on 
the  ground  (6).  Not  unexpectedly, 
when  operating  in  cold  weather 
conditions  the  additional  bulk  of 
equipment  required  to  provide 
necessary  thermal  insulation,  further 
impedes  mobility  of  the  head  and  neck 
and  general  body  movements.  Thus, 
the  level  of  readiness  and  rapid 
reaction  versatility  which  might  be 
expected  of  forward  operating  bases 
cannot  be  readily  achieved  in  cold 
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coaditiont  vh*n  NBC  d«f«naiv« 
protactloa  la  wora  aad  tha  othar 
coapoaaata  of  tha  protactiva  ayataa 
ara  utlllaad.  Brectloa  aad 
diaaaatliag  of  COLPKO  facilitlat 
daaaada  high  phyalcal  activity  aad 
traaaport  of  tha  aqulpaaat  caa  ba  a 
aajor  loglatlca  problaa.  Collactlva 
protactloa  caa.  howevar,  ba 
satlafactorlly  aatabllahad  laalda 
haatad  bulldlaga  aad  tha  davalopaeat 
of  approprlata  coacapta  of  oparatloa 
aad  acqulaltloa  of  tha  aacaaaary 
■kllla  to  utlllaa  adaquataly  all  of 
tha  facllltlaa  requiraa  regular 
exarclaaa  in  realistic  coadltlons. 


Tha  same  NBC  protective 
garmeats  must  be  used  la  cold  and  hot 
conditions  and  the  maintenance  of  air 
operations  la  hot  environments,  as  it 
is  la  the  cold.  Imposes  major 
problems  on  aircrew  whilst  on  the 
ground.  Adequate  air  conditioning  In 
areas  of  collective  protection  Is 
essential  and  may  be  best  achieved  by 
erection  of  collective  protection 
facilities  inside  already  air 
conditioned  buildings.  If  such  a 
solution  Is  not  possible  then 
suitable  air  conditioning  units  must 
be  fitted  to  the  air  filtration  units 
supplying  the  facilities.  During 
operations  in  high  ambient 
temperatures  all  of  the  normal 
precautions  against  development  of 
heat  illness  must  be  taken  and 
appropriate  measures  to  modify  these 
procedures  Introduced  when  the 
additional  penalties  of  wearing  NBC 
IPS  are  taken  into  account.  The 
general  measures  which  must  be 
followed  to  minimise  the  thermal 
stress  on  aircrew  would  include 
procedures  such  as  use  of  aircraft 
canopies  to  reduce  solar  heat  input 
and  reduction  of  aircrew  pre-flight 
ground  time  outside  air  conditioned 
facilities  to  a  minimum.  Physical 
activity  must  also  be  minimised  and 
means  of  achieving  this  can  Include 
transport  to  the  aircraft,  pre-flight 
inspections  carried  out  by  other 


competent  aircrew  and  provision  of 
adequate  assistance  with  donning  and 
doffing  of  the  NBC  XPE. 

If  adequate  environmental 
control  is  not  available  on  the 
aircraft,  as  often  is  the  case  in 
helicopter  operations,  then  the 
aircrew  must  be  made  aware  of  the 
signs  of  decreased  performance,  eg 
Impaired  vigilance,  decreased 
tracking  ability,  poor  memory 
registration  and  perhaps  impaired 
perception  of  the  passage  of  time. 
Post-flight  aircrew  should  be  quickly 
moved  to  a  cool  environment  and 
rehydrated.  This  may  be  a  somewhat 
difficult  procedure  If  adequate 
drinking  facilities  are  not  available 
in  the  respirator.  These  drinking 
facilities  must  be  usable  where  a 
vapour  hazard  exists  and  provide 
sufficient  volume  at  an  adequate  flow 
to  satiate  the  sensation  of  thirst. 
No  other  modifications  to  the  ARS 
have  been  introduced.  The  through 
flow  of  ventilating  air  does, 
however,  provide  some  psychological 
benefit  although  contributing  little 
to  reduction  of  the  thermal  load. 

The  Environmental  Control 
Systems  (ECS)  In  modern  aircraft  are 
generally  capable  of  producing 
comfortable  thermal  environments  in 
all  flight  conditions  at  temperatures 
up  to  about  AS'C  and  relative 
humidity  of  approximately  25Z,  thus 
with  effective  ECS  and  compliance 
with  the  general  measures  already 
outlined,  experience  has  shown  that 
little  additional  impairment  of 
aircrew  performance  will  occur  when 
the  stresses  of  hot  environments  are 
added  to  those  of  wearing  NBC  IPE. 

In  the  context  of  helicopter 
operations,  however,  where 
environmental  control  within  the 
helicopter  may  be  non-existent, 
maintenance  of  thermal  equilibrium, 
or  at  least  comfort,  is  essential  not 
only  on  the  ground  but  also 
throughout  the  operational  sortie. 
In  these  situations  increased  loss 
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of  body  boat  auat  be  induced.  The 
atoat  effective  aethod  of  achieving 
thia  ia  by  uaing  a  Paraonal 
Conditioning  Syatea.  Aa  a 

conaequence  of  the  recent  conflict  in 
the  Peraian  Gulf  davelopaent  of 
aircrew  aicrocliaate  conditioning  waa 
given  added  iapetua,  and  although 
hurriedly  conducted,  aany 
experiaental  atudiea  were  able  to 
deaonatrate  the  benefita  of  Liquid 
Conditioned  Veata  (LCV).  A  typical 
ayatea  exaained  in  the  OK  utiliaed  a 
2-litre  block  of  ice  aa  a  heat  aink 
with  ^e  conditioning  fluid  being 
circu  ced  by  a  aaall  DC  puaqt  powered 
by  a  rechargeable  battery  (9).  Each 
ice  block  provided  ISOV  of  cooling 
for  about  60  alnutea.  Thia  la 
eaaentially  the  ayatea  employed  by 
the  Canadian  Forces  and  is 
manufactured  by  EXOTBMP  Ltd  of 
Pembroke,  Ontario  (1).  A  series  of 
experiments,  in  which  the  daily 
average  temperatures  for  the  Gulf  and 
the  appropriate  resulting  cockpit 
conditions  simulated,  were  conducted 
in  the  Laboratory  (9)  .  The 

experiments,  although  aimed  at 
examining  the  effectiveness  of  Liquid 
Conditioning  when  wearing  standard 
and  HBC  aircrew  equipment,  required 
each  subject,  as  a  control,  to  repeat 
the  exposures  wearing  standard  AEA 
without  cooling.  This  control 
condition  deaionstrated  that  the  level 
of  thermal  stress  used  in  the 
experiments  produced  an  unacceptable 
level  of  thermal  strain  with  rectal 
temperatures  of  39**C,  mean  skin 
tesiperatures  greater  than  30”C,  heart 
rates  in  excess  of  120  bests  per 
minute  and  sweat  rates  double  the 
rate  measured  in  the  mlcrocllsiate 
conditioned  subjects.  This 

physiological  state  is  extremely 
uncomfortable  and,  at  the  very  least, 
is  a  distraction  which  will  degrade 
performance  and  may  constitute  a 
severe  flight  safety  hazard. 
Conversely,  in  all  the  simulations  in 
which  personal  conditioning  was 
eaiployed  core  temperatures  never  rose 
above  38**C  and  although  observed  to 
be  slowly  rising  did  not  show  the 


unchecked  rate  of  rise  seen  in 
unconditioned  controls.  Mean  skin 
temperatures  were  much  lower, 
particularly  on  the  torso, 
contributing  to  the  overall  sense  of 
comfort  reported  by  the  subjects. 
SosM  conditioned  subjects  experienced 
hot  extremities  and  cool  torsos  and 
the  effect  of  this  abnormal 
distribution  of  skin  temperature  is 
not  known,  although  it  does  not 
appea  r  to  have  been  a  problem  in 
these  studies.  Recorded  heart  rates 
in  conditioned  subjects  were  lower 
and  appropriate  to  the  activity 
level . 

It  was  concluded  from  these 
experiments  that  under  simulated 
operational  conditions  a  liquid 
conditioning  system  considerably 
reduces  thermal  strain  and  Improves 
the  subjects*  ability  to  operate  in  a 
thermally  stressful  environment. 
Further  detailed  work  is  needed  to 
determine  conditioning  fluid  flow 
rates,  temperatures  etc  and  optimum 
liquid  conditioned  vest  design  and 
other  parameters  associated  with 
optimum  perforsiance  of  the  cooling 
system.  Nevertheless,  at  the  present 
time  liquid  conditioned  garments, 
particularly  when  the  cooling  fluid 
can  be  provided  from  a  source 
independent  of  aircraft  supplies, 
will  suike  major  contributions  to  the 
ability  of  aircrew  to  adequately 
maintain  operations  in  a  hot 
environment.  The  logistic  problems, 
however,  of  supplying  ice  packs, 
where  this  is  the  means  employed  for 
providing  a  heat  sink,  requires  the 
procurement  and  appropriate 
distribution  of  large  capacity  ice 
producing  and  storage  facilities. 

Integration  of  the  LCV  with  the 
other  below  neck  garments  and  the 
procedures  necessary  to  allow  re-use 
of  contaminated  outer  equlpawnt  must 
also  be  developed  to  ensure 
operational  effectiveness. 
Satisfactory  integration  with  UK 
aircrew  NBC  assemblies  was  achieved 
by  Introduction  of  a  cover  [made  in 
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MBC  protactlv*  aatarial]  for  th« 
supply  plpoa  and  cmmoctora.  Donning 
and  Doffing  procedures  within 
unhardened  COLPRO  were  devised  and 
validated  by  appropriate  trials. 
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1.  SUMMARY 

The  Envinnunental  Symptoma  QuestioanairB  (ESQ)  was 
developed  to  aid  in  the  standardized  — ww«wt  of 

symptoms  expeaknoed  by  individuals  exposed  to 
environmental  extreoaes.  It  was  used  initially  to  delineate 
the  symptoms  of  acute  mountain  sickness,  but  has  since 
evolved  into  a  mote  conytriiensive  tool  for  «««wwing 
subjective  leactioas  to  anoMent  beat  and  cold,  to  diet, 
physical  exeacise,  and  medicatiotia.  The  ESQ  has  also 
been  made  more  reliable  and  user  friendly  by  revision, 
addition  and  removal  of  ccitain  items,  and  by  compressian 
of  the  initial  scale  values.  Factor  analysis  of  responses  has 
identified  several  meaningful  symptom  dusters,  and  baa 
provided  a  useful  tecfaniqiie  for  scoring  those  clusters  under 
both  laboratoiy  and  field  conditioas.  Studies  utilizing  the 
ESQ  under  various  environmental  extremes  are  summarized 
and  reviewed.  Current  adkninistration  and  scaring  methods 
are  presented. 

2.  INTRODUCTION 

Exposure  to  extreme  weadier  lus  bad  dire  consequences  for 
military  farces  dtrougbout  Ustoiy.  Besides  mortality  due 
to  ba^  injuries  and  wounds,  countless  deadis  and 
casualties  have  been  caused  by  exposure  to  severe  weather 
conditions;  mainly  cold,  heat,  wind  and  high  altitude.  The 
effects  of  severe  ctdd  on  troops  are  exemplified  by  die 
disastrous  Russian  winter  campaigns  of  the  Napoleonic 
armies  (1),  and  again  of  die  Hitler  Wdamaefat  (2).  Tropic 
and  desert  heat  were  major  incapachding  facton  in  World 
War  n,  while  heat  and  humidity  caused  still  other 
difficulties  for  militaty  operadons  in  Viet  Nam.  Altitudes 
above  10,000  feet  pose  adO  odier  ptoblenis  tfarou^  the 
development  of  acute  mountain  sickness;  more  severe 
exposures  can  result  in  an  incapacitating  qrndraaie  called 
high  aldtude  pulmonary  edema,  or  the  potendally  fatal 
cerebral  edema.  Even  moderately  severe  environmental 
condidons  can  also  create  tqieradmial  fvoblcnis  by 
anecting  troop  performance,  altering  atdtudes  and  mood 
sutes,  and  dimpdng  morale  (3,4,5). 


Although  the  common  human  reacdons  to  environmental 
extremes  are  well  recognized,  accurate  measures  of  those 
reacdons  have  been  difficult  to  obtain.  Routine  casualty 
reports  and  metical  treatment  records  invariably  contain  a 
considerabie  amount  of  errors  and  inaccuracies  (6).  Diaries 
and  anecdotes  of  personal  experiences  (7)  are  also  subject 
to  bias  and  error  in  both  reporting  and  recording  (8) 
because  they  ate  inherently  qualitative  and/or  non-specific, 
fai  addidon,  maintaining  sciendTic  measurement  standards 
and  controls  under  field  condidons  is  very  difficult  Thus, 
historically  diae  have  been  only  a  few  accurate  scientific 
accounts  of  subjeedve  reacdons  to  severe  weather,  while 
quandtative  measures  of  the  severity  of  reacdons  ate 
almost  nonexistent 

One  of  die  fitst  attempts  to  generate  objeedve  data  on 
environmental  symptomatology  was  by  McFarland.  He 
used  quesdonnaires  in  a  series  of  high  aldtude  studies  to 
relate  physiological  symptoms  to  briiaviofal  reactions 
(9,10).  However,  these  quesdonnaires  were  limited  in 
scope,  and  were  never  standardized.  In  1965,  Evans  (II) 
tried  to  document  the  developnoent  of  acute  mountain 
sickness  synqXomB  using  a  scale  called  the  General  High 
Aldtude  (}ne^onnatte  (GHA(2).  This  scale  did  identify 
and  quantify  some  of  die  typical  symptoms,  but  it  had 
several  inhoent  shortcomings  and  was  not  standardized  for 
scoring. 

To  improve  on  these  deficiencies,  Sampson  (12)  developed 
the  Environmciital  Symptoms  (Ju^onnaire  (ESQI). 
Descriptive  phrases  of  all  known  aldtude  symptomatology 
were  first  coUecled  through  an  extensive  Uterature  review 
back  to  1736  (7).  The  accumulated  symptom  phrases  were 
then  organized  into  clusters  related  to  the  aspects  of  each 
symptom  (e.g.,  headache:  bead  pressure,  head  throbbing, 
etc.).  Finally,  52  questionnaire  items  were  composed  to 
reflect  die  derived  symptom  clusters,  alorig  with  a  9-point 
rating  scale  to  estimate  synqitom  intensity. 


•  • 
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Figure  1.  Rink  orden  of  the  eummeted  fault  of  intentiiy  nfiiigt  for 
ESQ  itamt  during  tuccetrive  dayi  of  tUifude  exposure 


The  ESQ  wet  field  leeted  (13)  in  •  high  iltitude  Midy 
(4300  m)  compering  it  to  the  OHAQ.  in  which  12  military 
volunteers  completed  both  tpiedioaatiret  on  altenute  days 
over  an  8-dqr  period  of  expoeure.  TIm  ESQ  not  only 
showed  general  agreement  with  the  CSIAQ,  but  also  gave 
a  broader  picture  of  the  development  of  high  altitude 
symptomatology. 

In  Figure  1,  the  tummated  totals  of  all  intensity  ratings 
made  by  the  group  for  ttJCi  ESQ  item  are  shown  ananged 
in  rank  order  of  total  rating  magnitude  for  successive  days 
at  altitude.  These  totals  indicate  that  the  overall  group 
reaction  to  continned  altitude  exposure  followed  the  typical 
development  profile  of  acute  mounUin  sickness,  in  that  the 
severity  of  reactions  developed  rapidly  during  early 
exposure,  and  then  diminished  gradually.  Also,  the  highest 
intensity  ratings  occurred  for  items  reflecting  the 
characteristic  synqitoms  of  acute  mountain  sickness, 
although  the  nature  of  the  individual  symptoms  are  not 
described  in  the  graph. 

Based  on  several  subsequent  studies,  the  ESQ  was 
improved  and  broadened  to  reflect  not  only  altitude 
reactions,  but  also  responses  to  beat,  cold,  and  effects  of 
certain  military  operational  conditions,  primarily  protective 
clothing  and  tiw  use  of  medications. 

The  ESQ  was  evaluated  further  in  anotiier  field  study  at 
altitude  (14);  also,  in  studies  of  the  effects  of  prokmted 
overseas  fli|^  on  health  and  physical  performance  (13,16), 
and  of  the  effects  of  corkinued  load-carrying  over  several 
days  (17). 


Baaed  on  the  total  ESQ  symptom  data  available  to  that 
point,  a  factor  anafysis  was  then  performed  to  identify 
clusters  of  related  itenm.  Five  principal  symptom  clusters 
emerged  from  this  analysis:  (1)  exertion,  (2)  fatigue,  (3) 
headadte-nausea,  (4)  e3re,  ear,  nose,  throat  symptoms 
(EENT),  and  (S)  wellneas.  Weighted  scoring  for  symptom 
clusters  was  also  developed,  as  well  as  standardized 
inslnictians  and  procedures  for  administration. 

Based  on  the  factor  analysis  and  the  available  data,  the 
questionnaire  then  wu  revised  to  include  some  additional 
altitude  reactions  and  some  symptoms  of  exercise  stress; 
also,  confusing  or  ambiguous  items  were  reworded.  The 
resulting  form  is  the  current  version  containing  67  items 
spanning  a  wide  range  of  environmental  reactions,  as  well 
as  synqjtoms  of  heat  exhaustion,  dehydration,  cold 
exposure,  and  the  common  cold.  A  facsimile  of  this 
version  is  shown  in  Appendix  A 

Based  on  data  subsequently  obtained  using  the  revised  ESQ 
in  several  altitude  studies  involving  a  large  teat  population, 
another  factor  analysis  was  performed  (18).  Nine 
meaningful  and  reliable  factors  srere  identified:  (1)  acute 
cerdttal  mountain  sickness  (AMS-Q;  (2)  acute  respiiatoiy 
mountein  sickness  (AMS-R);  (3)  ear,  nose,  and  throat 
symptoms  (ENT);  (4)  cold  stress;  (S)  distress;  (6)  alertness; 
(7)  exertion;  (8)  nuiacle  discomfort,  and  (9)  fatigue.  The 
requisite  symptoms  and  weights  for  each  factor,  as  well  as 
the  formulas  for  computing  each  of  the  nine  factois 
(18,19),  are  shown  in  Appendix  B. 
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1lM  AMS-C  iBd  AMS-R  CMMB  «  HiMivcfy  iadq^Mdnl 
(SuMMiom  or  AMS.  EOT  rafas  lo  w.  aoM 
lymptoHM,  white  the  coU  Mmi  bclar  tevwivM  fMchoM 
to  being  cold  PialfiM  te  •  ceipteK  cowhinteiMi  of  bodi 
iwfintfoiy  end  peynb<ilogir.el  mood  ymptn—  MmcIo 
ducoofort  iMteM  lyaptooM  dno  to  ohrmo,  end  blifM 
inchntes  feelioie  of  woekaeae  lad  bndMM. 

3.  RESBAECS  APPLICATIONS  OP  THE  ESQ 
The  ESQ  it  now  an  afCective  inaInHiMnI  for 
icactiana  to  aevew  heal  and  cold,  aa  wall  aa  to  high 
aldtade.  Olie  eumpte  of  ita  aanakiv^  to  heal  effiaeCi  ia  a 
ttudy  the  influaM  of  beat.  oaeRtae,  and  wearing  of 
cheniical  protective  ctelfaing  on  dabydraiioa  and  Baid- 
etectrolyte  balauM  (20).  b  thia  ahidy.  13  aoldter 
volunteera  waBced  a  tiaaihniU  for  up  to  aix  honra  nadar 
moderately  hot  «■"**■»«*  conditiona  (8S.1^/33%RH)  white 
wearing  the  battle  dtaaa  unifann  (BDU)  or  tfaroe 
experimental  modificatiaaB  of  the  MCVP-IV  chemical 
protective  cnaemhlfc  The  ESQ  waa  adminiattred 
irnmedialely  before  and  after  the  oxcreiae  period.  All 
paiticipanta  completed  the  exomiae  white  wearing  the 
BDU,  but  leaa  dim  40  per  cent  were  able  to  complete  it 
while  wearing  the  MOPP-IV  eneemblea,  indicating  the 
severity  of  the  heat  load  under  MOPP-IV  conditioaB.  The 
ESQ  items  were  grouped  into  six  caSegoriee  rotated  to  heat 
and  exercise  for  puiposes  of  inteqnetatian:  wearinesB, 
headache,  heat  reactiona.  body  aches,  light-headedneaa,  and 
thirst  The  vast  maiority  of  item  severity  ratings  in  the 
pie-excrciae  conditioa  fell  into  the  slight  to  moderate 
categories,  with  the  MOPP-IV  conditions  dwwing  slightly 
higher  ratings  than  the  BDU.  However,  after  exorcise  there 
was  a  marked  increase  in  moderate  to  severe  rating 
categories  under  all  MOPP-IV  conditians.  but  only  slight 
increases  under  the  BDU  condition.  The  ESQ  results 
corresponded  closely  to  the  demonstrated  abilities  of  the 
participants  to  compleie  the  exercise  period  under  the 
respective  clothing  conditions,  and  abo  to  their  obacrved 
water  consumption. 

In  two  other  studies  designiid  to  complemert  each  other, 
the  ESQ  was  used  to  appraise  symptomatic  reactiotia  to 
nerve  agent  antidote  (2  mg  alropine/600  mg  2-PAM 
chloride)  and  hot-humid  conditions  white  wealing  the  BDU 
and  the  MOPP-IV  chemical  protective  enseoMe  (21).  In 
one  study,  13  soldier  voluideers  received  either  the  drug  or 
a  placebo  double-blind,  and  performed  a  selected  battery  of 
psychomotor  and  cognitive  tasks  for  up  to  six  houn  while 
wearing  the  BDU  under  contrasting  moderate 
(70OF/30%RH)  and  hotbimid  (9SOF/«0%RH)  nnbient 
conditions.  In  die  other  stuify.  eight  soldier  vahintocrs 
underwent  the  same  teat  conditions  white  wearing  the 
MOPP-IV  chemical  protective  ensemble,  except  that  the 
moderate  heat  condition  was  adjusted  to  33<’F/30%RH 
to  offset  the  inherent  heat  load  of  the  MOPP-IV  qrstem. 
The  ESQ  was  administered  in  both  studies  at  the 
termination  of  each  test  session.  All  paiticipaiits  completed 
all  conditions  white  wearing  the  BDU;  but  iMne  were  able 
to  conoptete  the  hot-taunid  comStion  white  wearing  the 


MOPP-IV.  The  ESQ  ratings  in  the  two  studies  proved  to 
be  commansmte  with  dm  saapective  heat  loads,  in  that  the 
mtmtity  of  mlinga  under  the  heet  ronriitinns  and  white 
wearu«  the  haat-anrepeulatii^  MOPP-IV  cMendite  weic 
much  IhgMr  ewetell  than  white  wearii«  the  BDU.  Also, 
tee  focus  of  nenptnm  letinga  under  heat  conditions  shifted 
towate  iteme  laialad  to  heat  and  dtecomfort 

Aa  example  of  use  of  the  ESQ  under  cold  conditinns  is  a 
cold  wcadsar  field  training  exerciae  involving  39  military 
pasticipaHts  (22).  In  this  stady.  the  ESQ  was  administered 
during  and  at  tarminsrien  of  the  ligorons  training.  Its 
puipom  wm  to  asaem  the  developmiBt  of  symptomatology, 
tsd  lo  CQflipM  lynytoBM  Mid  iccoiBpMiyiA(  mood 
wite  tea  partiripasita*  prier  attitadee  toward  cold  areatho’ 
and  teeir  expectatians  of  lildag  the  exercise.  The  ESQ 
items  awK  found  to  duster  into  five  signifirant  dntmins 
related  to  ligorous  nairung  in  the  cold,  aa  shown  in  Table 
1  along  with  reialed  reliability  irulexes  (Oenbach’s  Alpha). 

TABLE  1 

COLD-RELATED  ESQ  SYMPTCBd 
DOMAINS  AND  REUABILITY  INDEXES 


RELIABILITY 

(CRONBACH 


ESQDCMAIN 

ESQ  ITEMS 

ALPHA) 

Cold 

Discomfort 

Cold  hands 

Cold  feet 

Felt  chilly 

Shivering 

Numbness 

0.90 

Muscle 

Discomfort 

Muscle  cramp  0.80 

Muscles  tightMiff 

Legs/feet  ached 

Hsods,arms.shoulders  ached 

Back  ached 

Cardtepuhnonaiy 

Discomfort 

Short  of  breath 

Hard  to  breathe 

Hurt  to  breathe 

Heart  beating  fast 
Heart  pounding 

Chest  pain 

Chest  pressure 

0.76 

Tiredness 

Felt  weak 

Felt  tired 

Felt  sleepy 

0.70 

Well-being 

Felt  good 

Felt  alert 

Felt  wide-awake* 

0.86 

*  New  item  not  on  prior  versions 
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MnWlilt  n^MMi  MHiyiM  iilir«lw<  ihit  ite  ESQ 
rtninriM  wan  ligMficaBily  niMad  lo  te  ptiri|nli' 
wqiKHd  dWiki  of  cold  woadbar  inini^  (Im,  ayinplan 
laliagf  iacranod  Witt  ccHtWHod  dq«  of  tniidag.  h  ttis 
ftwiy,  tto  accmMly  rrflaciad  ttc  dwrclopnat  of 
cold  wwdtwr  iyin|itniiiatology,  aad  ttc  mtticfo  of  ttc 
pwticipaato' prior  cltiliidM  iow«d  cold  woadMr  ecpoMNL 

tlw  ESQ  hM  bm  luod  moceMfully  lo  docaiBMt 
enviroomopul  aymptomciwlogy  in  lalwatary  wndiw. 
mililaiy  fidd  wwwicec.  moantcinwriin  wpoditiani.  cod 
opcniian  of  bi^cllilude  aatranaaiical  obccivilorioc.  b 
has  ttncticned  eOiactively  when  iMMlatKl  inlo  tto  OonnM. 
Aendi,  and  Chinrao  langncfoa,  aad  haa  accumaly 
reflected  lymptomaloloty  poat  hoe  uainf  a  veiaion  in  tto 
paal  leaae  (21). 

A  comprehenaive  amoiated  review  of  all  puMiahed 
laboratofy  and  field  aiiidy  findinfa  involving  uao  of  tte 
ESQ  haa  been  conducted  by  Sampaon,  Kobrick.  and 
Johnaon(23).  The  pubiiahed  liieratwe  ahowa  that  the  ESQ 
haa  coneapooded  conaiatently  to  medical  aad  phyaiological 
meaaurea.  physician  ratinga,  and  clinical  interviewa  in 
studiea  where  those  typea  of  data  irere  obtained.  Factor 
analysia  haa  identified  unambiguoua  item  cluaten  that 
reflect  multidimenaional  aapecta  of  a  number  of  important 
symptoma,  indicating  that  the  ESQ  reflecta  Hue 
environmental  reactitma  rather  than  meaaurement  aitifacia 
or  testing  bias. 

4.  OPTIMUM  USE  OF  THE  ESQ 
Standardized  administration  of  the  ESQ  is  essential  to 
ensure  valid  and  and  reliable  results.  Qucstionnaiiea 
should  be  reviewed  soon  after  completion  and  checked 
with  respondents  when  possible,  especially  when  the  ESQ 
is  given  repeatedly  lliroughout  a  study.  Inconaialeiit 
responses  should  be  verified  for  accuracy. 

Standard  scoring  factors  are  now  available  for  two  typea  of 
acute  mountain  skkneas  (cerebral  and  respiratory),  ear- 
nose-throat  discomfort,  cold  stress,  distress,  alertness, 
exertion,  muscle  discoinfott,  and  fatigue.  Scaring  based  on 
those  factors  provides  more  accurate  and  reliable  measures 
of  symptomatology.  Each  measure  is  calculated  by 
multiplying  the  rdevant  item  rating  by  the  factor  weight  of 
the  item,  summing  these  products,  and  dividing  by  the  sum 
of  the  factor  weights  for  that  measure  (see  Appendix  B). 
Factor-weighted  scores  have  the  added  advantage  of 
allowing  comparison  of  results  across  studies  using  these 
same  measures. 

The  ESQ  was  design^  to  be  a  unitary  device,  although 
sub-sets  of  the  total  items  have  also  been  used  with 
leasonaUe  success.  However,  use  of  item  sub-sets  can 
cause  probleins  in  interpretation,  due  to  changes  in  context 
from  those  of  the  total  questioanaire.  Using  the  entire 
instrument  also  allows  for  idenlificatioa  of  potentially 
confounding  variables;  (e.g.,  if  ENT  symptoms  sre  caused 
by  an  upper  respitatoty  infection  ralte  than  by  an 


anviranaaantai  cenriilion).  Thus,  tte  entire  mvcntory 
should  be  need  whmever  possible. 

As  new  ihtatwsos  are  developed,  factor  analysis  will 
previds  centiruiod  vesificatian  of  tte  rriiability  of  factors 
which  have  aheady  been  identified.  Unless  dramatically 
"y*****^  differences  in  cluaien  and  weights  are  obtained, 
the  scaring  procedures  outlined  here  should  not  be  altered. 
The  valne  of  standaniiaed  mrasurre  and  procedures  used 
sncceaafbl^  over  several  studies  will  far  outweigh  any 
nainor  improvennnts  in  factor  structure  resulting  from  new 
types  of  analyaesu 
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AFVENDIX  A 

THBENVmONMENTAL  SYkffTOMS  QUESTIONNAIItE 
NOT  AT  SOME- 

ALL  suarr  what  moderate  a  Brr  extreme 


I.  IPmLLUHIIffiADB) . 0 

X  I  HAVE  A  HBADACHB . 0 

3.  1  PEEL  SINUS  PRESSURE . 0 

4.  IVEELVUEi . 0 

3.  I  PEEL  PAINT . 0 

6.  MY  VISION  IS  DIM . 0 

7.  MY  COORDINATION  IS  OFF  ..  0 

8.  I'M  SHORT  OP  BREATH . 0 

9.  IT’S  HARD  TO  BREATHE . 0 

10.  rr  HURTS  TO  BREATHE . 0 

II.  MY  HEART  IS  BATING  FAST  .  0 
IX  MY  HEART  IS  POUNIXNO  ....  0 

13.  I  HAVE  CHEST  PAINS  . 0 

14.  I  HAVE  CHEST  PRESSURE  ....  0 

15.  MY  HANDS  ARE  SHAKINO  OR 

TREMBLING . 0 

16.  I  HAVE  MUSCLE  CRAMPS  ....  0 

17.  I  HAVE  STOMACH  CRAMPS  . .  0 

18.  MY  MUSCLES  FEEL  TIGHT 

OR  STIFF . 0 

19.  I  FEEL  WEAK . 0 

20.  MY  LEGS  OR  FEET  ACHE _ 0 

21.  MY  HANDS,  ARMS,  OR 

SHOULDERS  ACHE  . 0 

22.  MY  BACK  ACHES  . 0 

23.  I  HAVE  A  STCMACH  ACHE  ...  0 

24.  I  FEEL  SICK  TO  MY 

STOMACH  (NAUSEOUS) . 0 

25.  I  HAVE  GAS  PRESSURE . 0 

26.  I  HAVE  IHARRHEA  . 0 

27.  I’M  CONSTIPATED . 0 

28.  I  HAVE  TO  URINATE 

MORE  THAN  USUAL . 0 

29.  I  HAVE  TO  URINATE 

LESS  THAN  USUAL . 0 

30.  I  FEEL  WARM  . 0 

31.  I  FEEL  FEVERISH . 0 

3X  MY  FEET  ARE  SWEATY . 0 

33.  I’M  SWEATING  ALL  OVER  ...  0 

34.  MY  HANDS  ARE  C(XJ> . 0 

35.  MY  FEET  ARE  C(MJ) . 0 

36.  I  FEEL  CHILLY . 0 

37.  I’M  SHIVERING . 0 

38.  PARTS  OF  MY  BODY 

FEEL  NUMB . 0 

39.  MY  SKIN  IS  BURNING 

OR  ITCHY . 0 

40.  MY  EYES  FEEL  IRRITATED  ...  0 
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AfVENDIX  A 

IHE  ENVDKWMENT  AL  SYMPTOMS  QUESTIONNAIRE 


NOT  AT  SOftffi-  QUnE 

AIX  SLIGHT  WHAT  MODERATE  A  BIT 


41.  MY  VBim  IS  BLURRY . 0 

4Z  MY  EARS  HBEL  BLOCKED  UP  .  0 

43.  MY  EARS  ACHE . 0 

44.  I CAN^  HEAR  WELL . 0 

43.  MY  EARS  ARE  RDKHNG . 0 

46.  MY  NOSE  FEELS  STUITED  UP  .  0 

47.  I  HAVE  A  RUNNY  NOSE . 0 

48.  rVEBEENHAVlW} 

NOSEBLEEDS . 0 

49.  MY  MOUTH  IS  DRY . 0 

30.  MY  THROAT  IS  SORE  . 0 

31.  I’VE  BEEN  COUGHINO . 0 

5Z  I’VE  LOST  MY  AFPETrrB . 0 

33.  I  FEEL  SKX . 0 

34.  IFEELHUNGOVER  . 0 

33.  I’M  THIRSTY . 0 

36.  I  FEEL  TDIED . 0 

57.  IFEELSLEEPY . 0 

38.  I COULDNT  SLEEP  WELL  ....  0 

39.  MY  CONCENTRATION  IS  OFF  .  0 

60.  I’M  MORE  PORCaSTFUL 

LATELY . 0 

61.  I  FEEL  WORRIED  OR 

NERVOUS . 0 

6L  I  FEEL  IRRITABIE . 0 

63.  I  FEEL  RESTLESS . 0 

64.  I’M  BORED . 0 

63.  I  FEEL  DEPRESSED . 0 

66.  I  FEEL  ALERT  . 0 

67.  I  FEEL  GOO) . 0 
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AmNDDCB 

SCORMO  WBIOKn  PCM  IHS  BSQ  FACIDKS* 


Pkctorl:  Owlwl  Acle  ilwaua  lirtwiM  (AMSC) «  Pl/8.t» 

wtoK  PI  •  ai  >  'MS)  4^  (12  s  'MS)  ••■(Ms  M6)  * 

(IS  x340^(16  xJ0I)-«-(17  xJ19)-«- 
ai9  X  J87)  f  (04  X  J47)  4^  (132  x  >113)  * 

(133  X  ^)  (134  X  SU) 

Factor  2:  Roapiraloty  Acitfe  Mounlan  SkkaM  (AMBR)  «  F2^.13S 

whopK  PI  -  (Q  X  Ji2)  -a  (U  X  .743)  -a  (19  x  .743)  * 
aiO  X  .734)  -a  ai7  x  J16)  -a  (122  x  .684)  * 

(123  X  .744)  (124  X  .491)  (M4  x  .334)  -a 
(148  X  J78)  (138  X  .333)  -t-  (143  x  480) 

Factors:  Ear-Noao-Tfanat « F3M.307 

where:  F3  «  (13  x  .302) (139  x  .347)  •«- (142  x  441) -t- 
(143  X  .300)  *0Mx  .739)  >  (143  x  .784)  + 

(144  X  379)  >  (M9  X  47D)  4^  (ISO  x  .333) 

Factar4:  Cold Stiesa  «  P4M.499 

where:  F4-  ai3  x  JS8)  (119  x  .331)  (128  x  447)  ^ 

(D1  X  .344)  .a  (134  X  .642)  (133  x  .737)  * 

(136  X  .720)  4-  (137  X  J80)  a61  x  320) 

Factors:  Diatieaa « F3/S.404 

where:  F3  >  010  x  313)  (113  x  344)  014  x  340)  4- 
031  X  323)  ♦  033  X  .373)  ♦  036  x  348)  ♦ 

057  X  318)  +  061  X  .379)  ♦  OO  »  346)  ♦ 

063  X  323)  +  064  X  492)  063  x  479) 

Factor  6:  Aketneca  «  P6/3.214** 

where:  P6«  036R  x  314)  4- 0S7R  x  .300)  038R  x  379)  .)■ 
039R  X  .331)  +  063R  x  .300)  4^  0^  x  .783)  * 
067  X.787) 

Factor  7:  Exeitiaii  •  FJfi3T7 

whore:  F7  >  01  x. 371)  4-09  x. 321)  4^  09  x  .419)  4- 
010  X  351)  4-  on  X  373)  +  012  x  305)  + 

013  X  471)  +  019  X  .366) 

Factor  8:  Moaclo  Diacomfort «  FR/3446 

where:  P8  «  016  x  402)  4- 018  x  394)  +  019  x  .307)  4- 
020  X  492)  4-  021  X  406)  4-  022  x  .303)  4- 
023  X  .317)  4-  038  X  .315)  4. 055  x  .330) 

Factor  9:  Fatigue  *  F9M.938 

where:  P9  -  01  x. 384)  4.04  x  418)  4. 05  x  416)  4. 

019  X  492)  4^  040  X  .398)  4. 041  x  304)  4. 

(147  X  319)  4.  055  X  .371)  4. 056  x  .665)  4. 

057  X  379)  4.  058  X  .300)  4. 059  x  .312) 

*  I  refers  to  Inveatoiy  Rem  nnmben 

**  Items  marked  R  nuiat  be  reverse-acoted  before  multiplicatiao  by  the  factor 
because  thoae  iteaas  are  negatively-stated. 


(0*5;  1=4;  2=3;  3=2;  4=1;  5=0), 
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SUMMAKY 

WilSout  adcuuate  hydratuoa,  profeund  Immi  itma  tad 
dehydratioa  caa  occur  ia  military  Ibrcet  operaiiag  ia  Iml 
cavifOBaiMia.  Tim  puipoae  of  lliit  iludy  waa  to  evakmle 
the  effiteiivaaeta  of  lime  bcvencm  oe  trmprrahire 
regulalim,  caidtovaecular  retpoaae,  tad  work  perfcwnaaee 
dufiac  proloafed  heal  expoaure.  Niae  amk  tubjeclt,  tttired 
ia  tiaadud  oalituy  ooaita  muforaw,  lived  ia  a  dautlie 
chaiaber  fer  3  daya  (tiO  h)  ia  UDMllllBd  deleft  r**fy^*t¥*"* 
varyiag  from  25  to  45  *C,  20ft  ralative  huaiidily.  Three 
tUbaaaxiaial  treadmill  eureiae  boult  (40  oua  at  4.S  kai/h. 
Oft  gtade)  waM  perforated  at  4-h  iatorvala  each  day. 
Subjacta  raadoody  coatuaied  ihiee  bevertfm:  (1)  a  water 
phoebe  of  water,  citric  acid,  aad  aapaittom  (WP);  (2)  a  5ft 
caibohydralB  driok  cowtaatmt  water,  ebrie  acid,  tucieac, 
fructoac,  cod  ckclrolytet  (CB);  aad  (3)  a  4ft  caihohydiate 
driok  coatamiag  teeter,  citric  acid,  tucroae,  ghicoae,  eleo- 
trolytot,  pynivato,  tad  1ft  glycerol  (CEG).  Sebjccta  drank 
oaly  oac  of  dm  three  bcvaiagca  od  Bbiimm  during  dm  00  h 
but  were  cocouiaged  to  drink  every  15  min  during  excrciae. 
Each  tubjecl  teatod  all  three  bevertgm  in  a  double  blind, 
repeated-iaeaaurm  etperiutcatal  deaign.  Sweat  rote  (SR), 
core  (rectal)  tcmpeialuie  (Tie),  average  tkia  temperature 
(Ttk),  heart  rale  (HR),  oxygen  coatumpliaa  (VOJ,  and 
tubjeedve  ratingi  of  perceived  exertioa  (RPE)  were 
recorded  during  exereiae.  Body  temperaturea  and  metabolic 
paiamcteri  remained  wkhin  expected  phytiologic  Umitt 
during  00  h  of  tunnhlrid  deaert  oondidoae.  During 
exereiae,  RPE  tad  HR  were  timilar  for  all  beveraget,  but 
VOj,  Tre,  Ttk,  tad  SR  differed  among  beveraget.  During 
the  3rd  exereiae  teation  on  all  dayt,  VO]  wae  higher  for  CE 
than  CEG  aad  WP;  CEG  teata  had  the  loweat  VO,  on  the 
2nd  and  3rd  daya.  Rectal  temperature  waa  lower  with  CE 
aad  CEO  than  wkh  WP  on  the  2ad  and  3rd  exereiae  periode 
of  each  day.  Skia  temperaturea  were  different  during  the 
aeeond  exereiae  period  on  all  three  daya.  Bxmeite  aeaaiona 
wkh  CEO  produ^  the  higheat  SR.  We  conclude  that 
caibohyditoe-eleclrolytebeveragea,  preferably  wkh  a  tmall 
amount  of  glycerol,  may  provide  beneficial  phyaiological 
retponaea  during  exereiae  in  hot-dry  condkkwa  during  the 
fine  24  b  of  expoaure.  However,  water  ahwe  ^ipean  to 
provide  adei{uato  hydration  for  working  in  deaert  ooodkkMia 
over  extended  parioda  of  time. 


INTRODUCTION 

Temperature  r^uiafion  and  work  perfonnanoe  in  the  heat 
are  critieatty  depandem  on  the  ataie  of  hydration  of  the 
body  (1).  When  fluid  raquiremeika  are  high  and  fluid  loaa 
exceeda  imake,  a  dafick  in  body  water  occun.  Aa 
hypohydtalioa  oceun,  plaama  volume  decreaaea. 
Hypohydration  leada  to  elevated  core  temperaturea  and 
heart  ratoa  (2)  and  decreaeed  aweal  ralea  and  culaneoua 
blood  flow  (23),  advenely  affecting  work  performance 
(43).  Cognkive  performance  ia  atao  negatively  affected  by 
hypohydratioa  (6,7). 

Wkh  unaiable  world  ekuationa,  the  rapid  deployraenl  of 
military  foicea  to  hot,  hoalile  environmeala  without  the 
benefiti  of  accHmatintioo  ia  a  realky.  Ifereonnel  may  not 
have  the  opportunity  to  fully  acclimatize  to  the  heat  before 
commencing  operatioaa.  The  increaae  in  milkary 
operationa  in  Soulhwaat  Aaia  in  the  part  two  yean, 
cnGouatering  both  hot  dry  and  hot  humid  eovironroerna,  has 
raiaed  the  awareneea  of  the  potential  drbilkating  effects  of 
inadequate  or  uncontrolled  hydration.  MOkary  personnel 
have  been  found  to  vohmiarily  dehydrate  2ft  of  body 
weight  when  acclimatizing  to  deaert  environments  (S-10). 

A  water  loss  of  2-6ft  of  body  weight  may  reauk  in  feelings 
of  general  discomfort,  dizzineas,  inkabilrty,  fetigue,  and 
apathy  (11),  degrading  morale,  diacipliae,  and  performance 
(12)  randeruig  a  milkaiy  unk  ineffective.  A  decreased 
appetite  and  an  unreliable  thirrt  mechanism  contribate  to 
the  problem  deapke  the  availability  of  adequate  fluids  for 
oonsumptioa.  Compiianoe  with  published  drinking 
achedulea  is  not  always  practical  or  rtrictly  enforced. 
Nonetheless  dehydration  con  be  prevented  by  matching 
fluid  consumption  to  fluid  lost  through  sweating. 

Prolonged  exercise  in  the  heat  exaceibates  the  depletion  of 
muscle  glycogen  stores  ia  the  body  and  increases  fluid  loss 
through  sweating  (13).  Beverages  coidaining  simple  sugars 
and/or  ghicoae  polymers  have  been  used  in  attempts  to 
maiikain  blood  glucose  leveb,  reduce  fluid  Iom,  and 
enhance  exercise  endurance  (14-16).  Drinks  containing 
various  comtunations  of  glucose,  glucose  polymers, 
electrolytes,  and  glycerol  have  been  evaluated  during  short¬ 
term  beat  exposure  wkh  exercise  protocols  in  the  laboiatory 
and  field  (8,10).  When  formulated  into  an  isotonic 
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lolulion,  c«ii>ohydnte  beverages  have  been  shown  (17,18) 
to  maintain  plasma  volume  at  levels  higher  than  those 
obtained  with  water  consumption  during  exercise.  In  one 
study  (19),  however,  these  effects  were  accompanied  by 
gastric  distress  and  compromised  physiologic  function. 
Typically,  carbohydrate  beverages  do  not  empty  from  the 
stomach  as  rapidly  as  water  and  may  therefore  produce 
gastric  distress  in  some  individuals.  As  the  coidem  of 
carbohydrates  and/or  the  osmolality  of  the  beverage 
increases,  the  rate  of  absorption  and  gastric  emptying 
decreases  (20).  The  major  differences  among  studies  of 
such  fluids  have  been  in  the  formulation  of  the  beverages 
and  environmental  temperatures  used  for  evalustion. 
Likewise,  inforrostion  is  scarce  concerning  the  physiological 
consequences  or  sustained  effectiveness  of  long-term 
consumption  of  carbohydrate  drinks.  Many  questioiu 
remain  as  to  which  beverage  is  ideal  for  persontKl  working 
in  desert  conditions,  and  what  quantity  should  be  consumed 
to  mruntain  peak  performance  and  herdUi. 

Glycerol  ingestion  prior  to  exercise  has  been  evalusted  as 
one  mechanism  for  increasing  both  plasma  volume  and 
osmolality  to  improve  temperature  regulation  through  water 
conservation.  Glycerol  is  a  hyperfaydrating  agent  that  is 
rapidly  absorbed,  is  evenly  distributed  aiiMng  body  fluid 
compartments,  is  a  natural  metabolite,  is  osmotically  active, 
is  well  tolerated,  and  is  safe  at  an  oral  dose  of  1  g/kg  body 
weight  every  6  h  (21).  Lyons,  Riedesel,  Meuli,  snd  Chick 
(S)  hsve  shown  decreiued  urine  output,  increrued  swesting, 
snd  decreased  rectal  temperatures  resulting  from  ingestion 
of  1  g/kg  body  weight  of  glycerol  in  21.4  ml/kg  water 
during  a  4-h  protocol.  Another  study  (22)  indicrUed  that 
this  effect  persists  past  4  h  although  plasma  glycerol 
concentrations  decreased  to  preingestion  levels.  However, 
Murray  (23)  observed  no  substantial  metabolic,  hormonal, 
or  physiologicrd  advantages  to  the  consumption  of  solutions 
containing  4  or  10%  glycerol  during  exercise.  No  previous 
study  has  evaluated  the  cumulative  effects  of  repealed 
glycerol  administrations  in  a  hot  climate  with  exercise. 

The  purpose  of  this  study  was  to  test  the  effects  of  three 
different  beverages  on  work  performance  during  prolonged 
exposure  (60  h)  to  simulated  desert  conditions.  We 
conducted  a  limited  series  of  extended  duration  trials  with 
rq)eated  administrations  of  selected  fluids  to  evs'jate  the 
effectiveness  of  those  fluids  in  maintaining  hydration  and 
exterxling  or  enhrmcing  performance  under  enviroiunenUl 
conditions  similar  to  summer  conditions  in  Southwest  Asia. 
Our  hypothesis  was  that  caibohydrale<lectiolyte  drinks 
would  perform  better  than  water  alone,  and  that  a 
carbohydiate-electrolyte  drink  with  a  small  amount  of 
glycerol  would  prove  most  beneficial  for  temperature 
regulation  and  cardiovascular  response  during  exercise  in 
the  heat.  Endpoints  evaluated  in  this  report  are  oxygen 
consumption,  core  body  temperature,  sweat  rate,  skin 
temperature,  heart  rate,  and  a  subjective  rating  of  perceived 
exertion. 


METHODS 

Nine  male  subjects  ranging  in  age  from  22  to  29  (avenge 
24)  years  volunteered  for  this  study.  Each  subject  was 
briefed  on  the  details  and  possible  haurds  of  the  study 


before  completing  an  informed  consent  form.  All  subjects 
received  a  physical  examination  including  a  health  record 
screening  for  any  history  of  hyperseiuitivity  to  heat.  None 
of  the  subjects  were  acclimatized  to  hot,  dry  conditiotu  at 
the  time  of  the  study.  All  seasioiM  were  coiKlucted  during 
February,  Match,  and  April  1991. 

The  temperatures  and  humidity  for  this  study  were  selected 
and  controlled  to  simulate  typical  desert  conditions  in 
Southwest  Asia  during  the  summer  months.  The  relative 
humidity  was  approximately  20%  and  the  dry  buB> 
temperature  was  regulated  between  23  and  4S  *C  as 
illustrated  in  Figure  1 . 

All  tests  were  conducted  in  two  adjacent  environmental 
chambers  each  with  separate  temperature  controls.  The 
larger  of  the  !wo  rooms  (3  x  4.8  m)  housed  all  of  the  test 
equipmetit,  while  the  smaller  room  (2.4  x  2.4  m)  served  as 
the  sleeping  quarters.  The  temperature  in  the  main 
compartmerg  was  controlled  by  a  Honeywell  Single  Vane 
controller.  The  bunk  room  temperature  was  passively 
controlled  by  an  open  door  to  the  main  test  chamber. 
Humidity  was  reduced  with  a  dehumidifier. 

Groups  of  three  subjects  were  tested  over  the  3-day  (60  h) 
exposure.  Each  subject  performed  the  test  on  three 
occasioru  with  a  minimum  of  10  days  separating  each  of 
the  three  3-day  trials.  When  the  series  was  completed, 
each  subject  had  been  tested  over  three  days  on  the  control 
beverage  snd  three  days  on  each  of  the  two  experimental 
beverages. 

Subjects  vrere  provided  with  measured  quantities  of  one  of 
three  beverages.  The  control  drink  was  a  water  placebo 
(WP)  colored  and  flavored  with  citric  acid  and  aspartame  to 
the  appearance  and  taste  of  the  other  beverages.  One  of  the 
carbohydrate-electrolyte  drinks  was  a  commercially 
available  5%  carbohydrate  mixture  containing  citric  acid, 
sucrose,  fiuctose,  and  electrolytes  (CE).  The  third 
beverage  tested  was  a  4%  carbohydrate  mixture  consisting 
of  citric  acid,  sucrose,  glucose,  electroly*es,  and  pyruvate 
(CEG).  The  third  drink,  CEG,  was  mixed  with  1  %  (by 
volume)  glycerol.  All  beverages  were  blended  to  provide 
similar  consistency,  appearance,  and  taste.  Color,  flavor, 
and  fluid  composition  were  adjusted  with  inert  ingredients 
to  disguise  differences  in  beverage  composition.  The 
electrolyte  concentration  of  beverages  CE  and  CEG  were 
similar.  Ail  drinking  fluids  were  maintained  at  normal 
ambient  temperature  (21-2S  °C)  for  consumption.  Neither 
subjects  nor  monitors  were  informed  of  the  identity  of  the 
drink  being  used.  The  presentation  of  the  drinks  was 
randomized  for  each  subject. 

Each  test  cycle  began  at  0600  on  day  1  and  continued  for 
60  h  through  2000  on  day  3.  This  provided  three  day  and 
two  night  cycles  at  desert  temperatures  for  each  subject. 
One-half  hour  for  personal  hygiene  outside  of  the 
environmental  chamber  was  allotted  at  06(X)  and  2000  of 
each  test  day. 

On  the  first  day  of  the  study,  subjects  received  a  breakfast 
of  178  ml  of  orange  juice,  1  bagel  with  a  teaspoon  of 
margarine,  27S  ml  of  cereal  (Cheerios)  with  118  ml  of 
milk,  and  1  banana.  After  the  breakfast,  all  subsequent 
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neab  wmc  icfciciBd  boa  iluMlMd  6eU  nikMM.  U.  S. 
militoiy  Moab  Ready  to  Eat  (MRE).  Tlw  labjecu  were 
allowed  to  aatoci  tbatr  mcale  boa  a  vaiieOf  of  avaiJabla 
MREa.  Bach  group  of  three  eid>ieeta,  however,  had  the 
aaaae  neale  at  each  mealtiiwe.  Ilie  MREa  were  weighed 
hefore  and  after  oooeuapthiB,  and  the  weight  reooded.  A 
eoeepieie  detailed  liat  of  the  nutiitioaal  compoeitkHi  of  each 
MRE  wae  maintained  in  the  hboraloiy  for  leferenoe.  The 
caloric  cordeat  of  the  ntealt  ranged  bom  1230  to  1446  cal. 
The  approximate  compoaition  of  the  MREa  waa  13% 
{Mfolein,  36%  fot,  and  49%  caihohydrale. 

One-half  hour  after  completing  breakfoat,  aubjecta  were 
given  230  ml  of  the  beverage,  then  entered  the 
environmental  chamber  and  aaaumed  a  mating,  aealed 
poaidon  for  1  h.  Fluida  were  coidinuoualy  available  to 
aubjecta  in  the  environmental  chamber.  Subjecia  were 
encouraged  to  drink  ad  Hbdam  and  to  try  to  conaume  the 
equivalent  of  1  liter  (canteen)  per  hour.  All  fluid  intalce, 
urine  output,  aweat  ratea,  and  body  weighia  wem  recorded. 

The  aubjecta  were  inatnimented  with  three  akin  (thigh, 
cheat,  and  arm)  and  rectal  tenqierature  lenaoti,  ECG 
electrodea,  and  a  hygrometer  tenaor  on  the  lateral  calf  for 
aweat  rate.  The  aubjecta  then  donned  military  clothing 
conaiating  of  utility  trouaera,  blouae,  and  boou.  After  the 
initial  teat  period  in  the  environmental  chamber,  the 
temperature  waa  raiaed  to  33  *C,  and  the  aubjecta,  in  turn, 
began  the  Grit  of  three  daily  exerciae  cyclea.  They  walked 
on  a  motorixed  treadmill  at  4.8  km/h  (3  mph)  and  0%  grade 
for  40  min  during  daytime  environmental  temperaturei  of 
33  and  43  *C  (Figure  1).  During  the  Grat  and  laat  10  min 
of  each  trial,  aubjecta  were  connected  to  a  metabolic 
analyzer.  Expired  air  waa  analyzed  for  oxygen 
consumption  (VO])  and  carbon  dioxide  production  (VCOj), 
which  waa  used  to  calculate  the  respiratory  exchange  ratio 
(RER).  Heart  rate  (HR)  and  an  electrocardiogram  (ECG) 
were  recorded  continucusly  along  with  the  metabolic  data. 
Skin  temperatures  (Tsk)  at  three  sites  (thigh,  arm,  and 
chest)  and  core  temperatures  (Tre)  were  recorded 
continuously  throughout  the  testa.  Sweat  rate  (SR)  was 
measured  with  a  dewpoint  hygrometer  connected  to  a 
capsule  attached  to  the  calf  of  the  subject.  Sweat  rale  was 
determined  by  comparing  the  ambient  dewpoint  temperature 
to  the  dewpoint  temperature  obtained  bom  air  that  had  been 
drawn  over  the  subjects’  skin.  Nude  and  GiUy  clothed  body 
weights  were  measured  at  0600  and  at  2(X)0  in  the 
environmental  chamber.  Changes  in  total  body  weight  were 
used  as  an  indicator  of  total  net  fluid  loss.  At  the  end  of 
each  exercise  bout,  subjects  were  asked  to  rate  their  overall 
body  perceived  exertion  (RPE)  using  the  Borg  scale  (24) 
shown  in  Figure  2. 

During  exercise,  each  subject  carried  a  rifle,  helmet,  flack 
jacket,  web  belt  and  harness,  and  two  Gill  canteens 
(approximately  16.3  kg  total  additional  weight).  Total 
subject  weight  during  exercise  waa  approximately  18  kg 
above  nude  weight.  The  work  sequence  was  randomized 
for  the  initial  treadmill  bout,  then  the  order  of  exercise 
remained  consistent  for  the  remainder  of  that  day  for  the 
three  subjects  in  the  chamber.  Subsequent  daily  exerciae 
sessions  were  adjusted  to  provide  uniformity  of  worfc/rest 
cycles.  Subjects  relaxed  and  engaged  in  recreational 
activities  but  remained  inside  the  chamber  when  not 
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exercisiog.  Ail  subjects  slept  in  the  chamber  with  nighttimr 
of  23-28  'C  during  each  of  the  trials. 

Data  were  analyzed  by  a  two-way  arudysts  of  variance 
(ANOVA)  with  repealed  mcaauree.  When  signiflcant  F 
ratiae  were  obtained,  Tukey  poet  hoc  comparisoni  were 
uaed  to  determine  specific  diflereaces.  The  levd  of 
ststiitkal  significance  was  accepted  at  />  <  0.03.  Data  are 
preaeated  as  mean  (atandard  error  of  the  mean). 


RESULTS 

All  of  the  subjects  completed  all  of  the  exercise  bouts 
except  for  one  of  the  subjects  who  was  unable  to  perform 
the  third  bout  on  day  1  of  his  CEO  teat  due  to  nausea.  The 
total  amount  of  CB  and  CEO  oonaumplion  was  greater  than 
WP  (p  <  0.03),  but  the  amount  of  urine  produced  wid>  WP 
waa  greater  than  with  CE  or  CEC  (p  <  0.03).  Body  mass 
changes  over  the  three  days  were  more  variable.  With 
WP,  six  subjects  lost  weight,  one  subject  gained  weight, 
and  two  neither  gained  nor  lost  weight.  For  CE  trials,  four 
of  the  subjects  gained  weight,  two  lost  weight,  and  three 
subjects  ended  at  their  atarting  weight.  At  the  end  of  the 
CEG  trials,  five  subjects  ha<  lost  weight,  two  had  gained 
weight,  and  two  remained  at  their  beginning  weight.  No 
significant  differences  in  body  weight  occurred  among 
beverage  treatments. 

Significantly  greater  ip  <  0.03)  sweating  rates  were  noted 
for  CEG  when  compared  to  the  other  two  beverages  for 
exercise  periods  one  and  two  on  days  one,  two,  and  three, 
and  for  exmeise  period  three  on  days  two  and  three  (Table 
1).  The  highest  sweat  rates  occurred  with  CEG  during  all 
three  days.  Sweat  rate  appeared  to  increase  from  exercise 
period  one  to  period  two  then  decline  during  period  three  to 
levels  below  those  of  exercise  one. 

Table  1  shows  that  the  thermoregulatory  response  as 
measured  by  peak  Tre  was  significantly  ip  <  0.03)  lower 
with  CEG  than  WP  for  exercise  period  three  on  days  one 
and  three,  significantly  lower  with  CE  than  CEC  during 
exercise  three  on  day  two,  and  significantly  lower  with  WP 
than  CE  during  exercise  one  on  day  two.  All  three 
beverage  treatments  were  accompanied  by  similar  Tre 
measurements  during  exercise  period  one  on  days  otte  and 
three  and  exercise  period  two  on  days  one,  two,  and  three. 
The  Tre  response  increased  during  exercise  from  day  one  to 
day  two  and  either  renuined  elevated  or  increased  slightly 
higher  again  during  day  three.  Skin  temperatures  (Table  1) 
averaged  from  the  three  body  sites  showed  significant 
differences  among  all  three  drinks  during  exercise  period 
two  on  days  one  and  two  and  during  exercise  three  on  day 
two.  All  other  skin  temperatures  among  the  three  drinks 
were  very  similar. 

The  cardiovascular  response  exhibited  a  similar  pattern 
among  all  drinks  with  peak  HR  during  exercise  decreasing 
each  day  for  six  of  the  bouts  and  increasing  in  only  three 
sessions  (Table  2).  The  daily  HR  response  for  each 
beverage  was  to  increase  from  the  first  period  to  the  second 
and  then  drop  back  to  exercise  period  one  HR  levels  during 
the  third  exercise  bout.  We  found  no  statistically 
significant  differences  in  HR  among  drinks,  although  the 


BMdi  by  dn*  WOT  hiilMr  HR  f»r  CB  MMi  CEO  dM  WP 
M  diy  OM  tad  two  and  gmwr  fetr  CEO  eooipOTd  to  the 
other  two  Mek*  oo  day  three. 

Me  VO,  mretiired  during  the  laat  10  nin  of  each  exerciac 
bout  waa  ainular  aaaong  eieidee  petiodt  but  showed  a 
aipwficani  driadi  elfcet  (/>  <  O.OS)  (TaUe  3).  Oaygen 
ooMUHVtioa  with  CE  was  aignifteantly  higher  than  CEO  or 
WP  (hiring  the  third  eiaroiae  period  on  day  one  and  hi^er 
than  WP  during  exercise  one  on  day  two.  Differences 
among  all  three  drinks  were  seen  during  exnviae  period  two 
on  day  three  and  during  exercise  period  three  on  days  two 
and  tiuee.  CEO  showed  the  lowest  VO,  during  exercise  two 
on  the  second  day  and  during  ex^rciae  one  on  the  third  day. 
RER  (Table  3)  was  calwilatrid  from  the  oxygen  oonsumptioa 
and  carbon  dioxide  produotioo  during  the  laat  10  min  of 
exercise.  RER  was  significantly  lower  (p  <  0.03)  Ibr  CEO 
than  WP  or  CE  during  all  three  exercise  periods  on  the  first 
day  only.  Ratings  of  perceived  exertion  (Table  3)  showed 
no  significain  difference  among  any  of  the  beverages  for 
any  of  the  exercise  periods  or  days. 


DISCUSSION 

Much  of  our  understanding  of  how  body  water  loss  changes 
the  regulation  of  body  temperature  during  exercise  in  the 
heat  has  been  derived  from  hypohydration  experiments. 
These  studies  have  demonstrated  that  a  3-711  reduction  in 
body  weight  from  fluid  loss  will  elevate  core  temperature 
and  HR  during  exercise  (1,2),  and  that  the  increase  in  core 
temperature  appears  to  be  due  to  a  delayed  onset  of 
sweating,  and  to  reduced  skin  blood  flow  (23).  These 
experiments  (1,2,23)  showed  thst  the  physiologicsl 
mechanisms  attenuating  hyperthctmia  through  fluid 
ingestion  during  prolonged  exercise  are  not  well  understood. 


The  preserd  study  provided  prolonged  heat  stress  with 
moderate,  intermittent,  discrele  exercise  periods.  Our 
subjects  did  not  lose  significant  amounts  of  body  weight 
from  sweating  without  fluid  replacement.  Regardless  of 
beverage,  their  physiological  response  did  not  represent  an 
abnormal  hyperthermic  reaction  indicative  of  hypohydration. 
Heart  rate  recorded  during  exercise  was  representative  of 
submaxitnal  work  in  the  heat.  Heart  rate  did  not  inctease 
beyond  lubmaximal  levels  suggesting  that  subjects  were 
adequately  hydrated  and  were  not  lacking  in  energy 
substrate.  While  high  rates  of  fluid  replacetnent  have  been 
shown  to  lessen  hyperthermia  and  reduce  heart  rate  during 
exercise  in  the  heat,  no  attempt  wu  made  to  hyperhydrate 
during  the  study,  although  subjects  were  encouraged  to 
drink  230  ml  every  13  min  on  the  treadmill. 

Current  recommendations  for  fluid  consumption  depend  on 
wet  bulb  globe  temperatures,  work  intensity,  clothing,  and 
work/rest  cycles  (18).  The  maximum  SR  (approximately  2 
l/h)  is  closely  related  to  the  maximum  water  requirement, 
but  is  higher  than  the  rale  of  absorption  from  the  gut 
(approximately  1.4  l/h).  Total  water  consumption  for  a  12- 
h  work  day  should  be  about  11-14  I  when  sweat  rates  are 
normal  (1.0  to  1.3  l/h).  Fluid  consumptinn  during  our 
study  was  compatible  %rilh  these  requirements.  Likewise, 
sweating  tales  and  urine  volume  were  not  high  enough  over 


the  duration  of  this  study  to  requite  extreme  fluid 
replaoement.  Daily  diifctenoea  in  the  amount  of  fluid 
ingemed  were  not  due  to  variatioas  in  flavoring  or 
temperature  among  the  drinks  since  all  drinks  were  kept  at 
the  same  ^proximatB  tempertoures  and  were  equivalent  in 
color  and  coasialency.  This  implies  that  the  physiological 
differences  were  flue  to  the  conatitueals  of  the  beverages 
and  their  eflects  on  adequate  hydration  and  blood  substrate 
levels  required  for  optimal  work  performance. 

In  our  study,  carbohydrate  fluids  were  ingested  throughout 
the  60-h  experiment.  Because  the  carbohydrate 
coooenliaiions  of  the  beverages  were  relatively  low  (3  and 
4%),  it  is  uncertain  whether  sufficient  carbohydrates  were 
consumed  to  enhance  the  work  capacity,  prolong 
endurance,  and  reduce  fotigue.  h  is,  however,  intereating 
to  note  that  the  differences  among  work  performance  and 
ten^eratufc  emulation  measures  did  not  indicate  a  clear 
advarUage  for  carbohydrate  drinks  over  the  three  days.  It 
could  be  easily  assumed  that  the  cumulative  eflects  of  heat 
stress  and  exercise  would  become  evident  in  reduced  work 
performance  and  iiKicased  fatigue  during  the  second  and 
third  days.  Some  of  our  findings  are  coiuistent  with  the 
theory  that  the  carbohydrate  solution  with  glycerol 
performed  belter  in  providiag  glucose  and  maintaining 
hydration  during  the  latter  stages  of  chronic  heat  exposure. 
The  exercise  response  wiUi  CEC  on  the  first  day  showed  a 
significantly  low  RER  signifying  primarily  fru  metabolism 
for  energy  with  a  positive  effect  on  work  performance. 
/Uler  the  first  day,  the  exercise  response  %vith  CEG  hints  at 
a  positive  effect  on  VO,.  Likewise,  CE  and  CEG  showed 
an  inconsistent,  but  poufoly  beneficial  effect  on 
tempetature  regulation  when  compared  to  WF  over  the  60 
h. 

When  glycerol  is  consumed,  it  is  evenly  distributed  among 
all  fluid  compeitments  in  63R  of  the  total  body  mass  (3). 
The  osmotic  action  of  glycerol  causes  the  water  ingested 
with  the  glycerol  to  be  easily  distributed  with  the  glycerol. 
Because  glycerol  is  readily  caubolized  to  carbon  dioxide 
and  water,  the  water  that  moved  with  the  glycerol  is  readily 
available  for  maintaining  blood  volume.  With  the  more 
hypertonic  CEG  drink,  we  observed  an  increase  in  SR. 

Our  findings  are  similar  to  a  previous  report  (5)  that 
ingestion  of  glycerol  augments  fluid  retention  and  results  in 
increased  SR  and  decreased  urine  output.  The  previous 
r^rt  also  showed  an  alteration  in  the  thermoregulatory  set 
point  (3).  We  could  not  conclude  that  CEG  was  associated 
with  a  consistent  decrease  in  Tre  since  both  Tsk  snd  Tte 
were  widely  variable  for  CEG  when  compared  to  WP  or 
CE  over  the  three-day  period.  The  temperature  extremes 
and  military  clothing  worn  in  our  study  nude  it  difficult  to 
determine  any  change  in  the  sweat  response  at  lower  Tre 
sufficient  to  change  the  set  point.  We  did  not  observe  a 
consisteiM  increase  in  Tre  and  decrease  in  Tsk  with  CEG 
that  would  have  implied  that  the  effects  of  serum 
hypertonicity  reduced  heat  loss  by  increasing  threshold 
temperatures  for  sweating  and  skin  blood  flow.  We  did  not 
show  an  increased  Tsk  and  decreased  Tre,  accompanied  by 
irKreased  SR,  lhat  would  have  suggested  a  lowered 
threshold  tempetature  for  sweating  and  skin  blood  flow, 
facilitating  the  thermoregulatory  response. 

Enhanced  work  output,  as  measured  by  VO,,  corresponds 
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wen  wik  HER  vakiM  ek^mted  fottowiog  cwtokydnle 

(16)-  la  wir  itudy,  Bnotiiinplina  of  CEG  produood 
MfoiAeully  lower  VO)  Ikaa  WP  or  CE  durini  eawreiK 
bouls  two  aod  ItiNe  oa  day  two,  oad  duiiog  aereme  one, 
two,  aod  thne  oa  day  dm.  Osyfca  twwuayiina 
BMaa>irwn«ati  aaaoag  bovenioa  oa  day  ooe  were  eimilar 
cxeept  thet  CE  woe  higher  than  the  other  two  duiiog  the 
third  eureiee  period.  The  lower  VO)  with  CEG  indieelee 
that  the  eaergy  wtpeeiditiife  et  equivaleat  wotkloade  woe 
reduced,  delayiag  fMigue  ood  cahondag  perfonuoaoe  dutiog 
the  tale  etogee  of  exereiee. 

The  subgeotive  RPE  eeoree  were  not  oougnieat  with  the 
phyeiological  worit  perfomMoee  meaiuicaieali.  taoeived 
exeilioa  woe  rated  ihgfatly  higher,  but  not  lignificantly,  for 
oil  three  beveragee  during  the  lecond  exereiee  bout  on  ell 
deye.  Subiecte  ecpoited  greeter  perceived  exeitioa  during 
the  exereiee  peiiode  that  occurred  during  the  holleei  port  of 
the  day.  All  of  the  RPE  meneuree  were  in  the  range  of 
’light*  to  'tomewhot  hard.* 

In  iuminary,  the  60-h  expoiurc  to  eimutaled  deeeit 
conditioai  wee  well  tolereted  by  all  fubjecte.  Nine 
tubmoximal  exereiee  eeneione  in  the  heat  were  performed 
without  advene  reeuke.  Caibohydrate-electrolyte-glycerol 
containing  beveragee  eeenied  to  offer  eome  uiitial  benefiti  in 
memteining  poeitive  fluid  balance  during  the  fint  24  h  of 
heat  expoeure,  but  thoee  benefita  were  leu  appoieat  over  60 
h.  By  the  third  day  of  our  etudy,  water  appeared  to  euppoit 
the  overall  phyeiological  reeponee  ee  well  oe  eidier  of  the 
other  beveragee.  We  found  no  advantage  to  drinking  either 
caibohydnto«lectrolyte  or  coibohydrate-electrolyto-giycerol 
beveragee  over  water  during  extended  periode  of  time  in  the 
heat,  h  ie  important  to  coniider  theee  findingi  oe 
repreaeacetive  of  S%  caibohydrote  end  4%  coibohydnto-l  % 
glycerol  drinke  during  a  60-b  time  period  in  the  heat. 
Caibohydntea  in  theee  conoentrationa  may  or  may  not  have 
delayed  fttigue  and  enhanced  woifc  performance.  While 
theee  beveragee  did  not  appear  to  ehow  a  prolonged 
phyeiological  benefit,  nrather  did  they  demonetrale  any 
negative  effecte  during  the  eame  period.  Baaed  on  theee 
findinge,  we  cannot  recommend  other  CE  or  CEG  at  a 
poforroance  aid  during  activitiea  eimilar  in  duration  to  thoee 
in  thie  etudy.  We  can  euggeet  that  theee  beveragee  may  be 
beneficial  during  the  initial  phoee  of  beat  acclimatization 
and  would  wekome  porticqiation  in  field  itudiee  to 
corroborate  theee  findingt. 
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Table  1.  8*Mat  Rata  (M),  Ractal  Taatpiratura  (Tra),  and  Avaraga 
Skin  Taaqparatura  (Tak)  during  tba  laat  10  ainutaa  of 
aach  aaarciaa  period  each  day  for  three  bavaragai. 


SR 

(«/h) 

Day  1 

Day  2 

Day  3 

Drink 

BXl 

BX2 

BX3 

BBl 

RX2 

BX3 

BXl 

XX2 

BX3 

WP 

30.9 

(2.9) 

37.0 

(3.8) 

36.4 

(3.0) 

32.8 

(2.0) 

36.9 

(4.9) 

27.7 

(2.1) 

29.3 

(3.0) 

37.1 

(2.8) 

27.4 

(2.5) 

CB 

35.8 

(3.1) 

38.6 

(3.8) 

32.6 

(5.0) 

31.9 

(2.5) 

44.1 

(4.2) 

27.9 

(3.9) 

33.8 

(4.0) 

39.0 

(2.6) 

24.8 

(2.5) 

CBO 

40.5 

(3.6) 

47.1 

(3.1) 

34.1 

(2.5) 

39.1 

(4.9) 

51.3 

(4.1) 

38.5 

(4.4) 

37.2 

(3.6) 

42.3 

(3.2) 

35.7 

(4.1) 

Tra 

(’C) 

WP 

37.5 

(0.4) 

38.3 

(0.2) 

38.1 

(0.2) 

37.5 

(0.4) 

38.5 

(0.1) 

38.2 

(0.1) 

38.0 

(0.1) 

38.3 

(0.3) 

38.3 

(0.2) 

CB 

37.8 

(0.4) 

38.1 

(0.2) 

37.8 

(0.2) 

38.1 

(0.4) 

38.3 

(0.1) 

37.9 

(0.1) 

38.0 

(0.1) 

38.2 

(0.3) 

38.0 

(0.2) 

CBG 

37.6 

(0.1) 

38.1 

(0.3) 

37.5 

(0.4) 

37.9 

(0.1) 

38.4 

(0.1) 

38.4 

(0.2) 

37.9 

(0.2) 

38.4 

(0.2) 

37.7 

(0.3) 

Tak 

(’C) 

WP 

35.4 

(1.6) 

36.8 

(1.6) 

35.8 

(1.7) 

35.4 

(2.0) 

37.0 

(2.0) 

35.1 

(2.1) 

35.3 

(2.4) 

36.6 

(2.1) 

35.7 

(2.0) 

CB 

35.1 

(1.5) 

35.9 

(0.4) 

35.4 

(0.3) 

35.4 

(1.4) 

35.4 

(0.3) 

36.3 

(0.4) 

35.5 

(3.4) 

36.0 

(0.3) 

35.9 

(1.7) 

CBG 

35.4 

(1.6) 

37.1 

(1.7) 

35.7 

(2.1) 

35.4 

(2.0) 

35.9 

(1.7) 

36.4 

(1.6) 

35.4 

(1.6) 

37.1 

(1.6) 

35.8 

(1.6) 

Kaan  (SB) 

WP  «  water  placebo;  CB  >  5%  carbohydrate  drink 
CB6  >  4%  carbohydrate,  1%  glycerol  drink 


XM 


Tabl«  2.  HMrt  rat*  (HS)  during  tha  last  10  niautaa  of  aach 
axoreiaa  pariod  aaeh  day  for  thro*  bavaragaa. 


BB  (baata/nin) 

Drink 

Day  1 

Day  2 

Day  3 

BXl 

BX2 

BX3 

BXl 

BX2 

BX3 

BXl 

BX2 

BX3 

HP 

101 

120 

IIS 

9S 

121 

116 

104 

122 

104 

<S) 

(7) 

(S) 

(7) 

(8) 

(8) 

(7) 

(7) 

(7) 

CB 

lOS 

134 

lis 

102 

131 

lOS 

113 

121 

97 

(*) 

(7) 

(•) 

(8) 

(8) 

(8) 

(4) 

(8) 

(7) 

CBO 

119 

134 

121 

116 

126 

116 

110 

132 

106 

(4) 

<•) 

(8) 

(6) 

(8) 

(3) 

(3) 

(3) 

(4) 

Naan  (SB) 

IIP  <B  «fat*r  placabo}  CB  ■  S%  carbohydrata  drink; 
CBO  •  4%  carbohydrata,  1%  glycarol  drink 
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Tmblm  3.  Omygmn  eoamvmg^ioa  (VOi),  CMplratory  Mchang*  ratio 
(ant),  and  rating  of  pnreaivnd  axnrtion  (aai)  during 
ttM  last  10  niautas  of  saeh  sssreiss  psriod  aach  day 
for  thraa  bavoragaa. 


VO,  (al/ain/kg) 


Day  1  Day  2  Day  3 


Drink  BXl 

BX2 

BX3 

BXl 

BX2 

BX3 

BXl 

XX2 

BX3 

NP 

IS. 7 

IS.O 

IS. 4 

14.4 

IS.S 

15.2 

15.9 

15.7 

15.3 

(1.1) 

(1.1) 

(1.1) 

(0.6) 

(0.5) 

(0.6) 

(0.7) 

(0.8) 

(0.6) 

CB 

IS. 8 

IS. 7 

16.4 

15. S 

15.6 

16.2 

16.2 

16.3 

16.4 

(O.S) 

(0.8) 

(1.0) 

(0.6) 

(0.4) 

(0.5) 

(0.6) 

(0.8) 

(1.1) 

CBG 

IS. 6 

IS. 3 

15. S 

14.9 

14.8 

14.3 

15.5 

15.0 

14.7 

(1.0) 

(1.0) 

(1.2) 

(0.6) 

(0.7) 

(0.5) 

(0.9) 

(0.6) 

(0.5) 

RBK 

MP 

0.84 

0.82 

0.78 

0.89 

0.88 

0.89 

0.87 

0.87 

0.86 

(.02) 

(.02) 

(.02) 

(.01) 

(.01) 

(.02) 

(.02) 

(.02) 

(.02) 

CB 

0.81 

0.80 

0.83 

0.88 

0.88 

0.90 

0.86 

0.88 

0.88 

(.02) 

(.01) 

(.02) 

(.01) 

(.02) 

(.01) 

(.02) 

(.02) 

(.01) 

CB6 

0.76 

0.76 

0.76 

0.88 

0.89 

0.90 

0.85 

0.88 

0.86 

(.01) 

(.01) 

(.01) 

(.01) 

(.01) 

(.01) 

(.02) 

(.01) 

(.02) 

RPB 

WP 

11 

13 

12 

11 

13 

12 

12 

14 

12 

(0.2) 

(0.2) 

(0.3) 

(0.3) 

(0.5) 

(0.4) 

(0.3) 

(0.4) 

(0.3) 

CB 

11 

13 

12 

12 

13 

12 

12 

13 

12 

(0.4) 

(0.5) 

(0.3) 

(0.3) 

(0.5) 

(0.2) 

(0.2) 

(0.6) 

(0.2) 

CBO 

12 

13 

12 

12 

13 

12 

12 

13 

12 

(0.4) 

(0.5) 

(0.3) 

(0.3) 

(0.4) 

(0.5) 

(0.2) 

(0.3) 

(0.5) 

Maan  (SB) 

BP  >  watar  placabo;  CB  >  S%  carboltydrata  drink; 
CB6  ■  4%  carbohydrata,  1%  glycarol  drink 
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rigur*  1.  Taagaratur*  proCll*  foIXowd  during  th«  study  with 
up^roxiMta  pnrioda  of  oMreiso  indicutod. 


Tmgsruturo  {*C)  _ 4S* 

/ 


.2S*  / 


■xorciM  1— -IxorciM  2>— Bxorciao  3 


TiM  0700- 


1200- 


2000 


Figuro  2.  Borg  Seal#  of  Rating  of  Porcaivad  Bxartion 
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AUEVIATION  OF  THERMAL  STRAIN  IN  THE  CF: 
'ICEEPING  OUR  COOL"  DURING  THE  GULF  CONFLICT 
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1.  SUMMARY 

Thennal  stress  can  be  a  serious  problem  for 
militaiy  pcnonneL  This  is  laiBelv  because  the 
measures  ea^loyed  to  reduce  such  stress  under 
nomal  wcxking  conditioos  are  hninctical  iBider 
operational  circumstances.  For  exanqtle.  the 
specialized  clothing  worn  Iqr  sddiers  cannot 
generally  be  removed  to  reduce  insulation  and 
facilitate  cooling.  Similarly,  operations  are 
often  conducted  m  hostile  environments  where 
ambient  conditions,  even  inside  vehicles,  cannot 
be  altered  substantially.  While  reductions  in 
work  rate  are  feasiUe  during  peacetime,  tl^ 
have  little  place  in  combat  as  they  compromise 
objectives  and  may  still  not  be  adequate  to 
remice  thermal  strain  to  accepiate  levels.  When 
operationally  feasiUe,  the  proviskm  at  personal 
cooling  can  assist  the  body  with  heat  dissqNttioo 
and  thermotegulation,  often  to  the  point  that 
work  can  be  continu^  at  a  near-nmmal  rate 
with  only  slight  to  moderate  thennal  strain. 

This  paper  presents  an  overview  of  personal 
cooling  techndogy  studies  conducted  at  DQEM 
within  the  last  decade.  It  outlines  the  proUenos 
of  thermal  stress  in  operations  and  its  efifocts  on 
performance,  examines  various  stdutions  to  the 
problem,  and  summarizes  the  RRD  efforts  that 
culminated  in  the  int^ration  ci  persomd  cording 
into  the  CH124  Sea  lung  heUc^pters  during  Op 
Friction.  This  was  to  our  knowledge  tte 
wtvld’s  first  use  of  air  crew  personal  cooling 
garments  during  combat  and  it  enabled  the 
Canadian  Fbrces  (CF)  to  conduct  their  Sea  King 
helkopta  operations  withom  bring  time-limited 
due  to  thero^  physiological  strain. 

2.  WHY  PERSONAL  COOLING? 

The  sources  of  heat  stress  that  the  body  must 


contend  with  can  be  classified  into  two  broad 
categories.  Intenud  heat  is  derived  primarily 
from  mmabolism  and  the  combustion  oi  food. 
In  addition  to  the  heat  arising  from  life- 
sustaining  basal  (*>80  W)  or  testing  metabolism 
(•100  W),  exercise  a^  external  work  can 
increase  tte  internal  heat  production  of  the  body 
several  fold  (heavy  work  will  raise  metabolic 
beat  production  to  •500-8(X)  W).  Due  to  the 
•20-25%  efficiency  of  muscular  contraction,  the 
internal  heat  production  is  some  4-5  times  the 
amount  of  external  work  performed. 

External  sources  of  heat  stress  include  the 
environment  (ambient  teiiq)cratuTe,  humidity, 
solar  radiation,  presence  or  absence  of  wind), 
vehicles  (engines,  instrumentation),  and 
machinery.  In  the  case  of  aircraft,  aerodyramic 
beating  of  the  aircraft  body  can  be  a  sig^cant 
source  oi  beat  stress,  eqrecbdly  during  low  level 
flight  where  the  air  is  mote  dense.  Clear 
canopies  and  windows  can  also  produce  a 
gteeitiiouse  effect 

A  constant  body  temperanux  can  only  be 
maintained  if  beat  gain  is  balanced  by  heat  loss. 
This  process  becomes  increasingly  difficult  as 
the  environment  around  the  ^y  becomes 
warmer.  In  fact,  the  common  avenues  of  heat 
dissipatioo  (conation,  convection,  radiation) 
all  become  avenues  of  heat  accumulation  when 
the  temperatures  of  the  surroundings  exceed 
skin  temperature  (under  these  conditions, 
evi^onuioo  of  sweat  is  the  only  means  left  for 
dissipating  body  beat). 

Most  of  the  beat  lost  by  foe  body  passes  dirough 
clothing  to  the  environment  (only  a  small 
anoount  is  lost  through  breathing  and  from 
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uncovered  skin).  The  clothing  is,  in  essence,  a 
thomal  resistance  to  the  flow  of  heat  To  make 
matters  worse,  military  personnel  are  t^n 
required  to  wear  qtecialnaed  protective  clothing 
which  greatly  increases  the  dtermal  resistance 
between  the  body  and  the  enviionmenL  Such 
clothing  also  interferes  widi  evi^on^ve  cooling 
of  the  body.  Failure  to  dissipate  adequate 
quantities  m  heat  results  in  body  heat  storage 
and  an  increase  in  body  tenqwnuure  (thermal 
strain).  Excessive  thermal  strain  inqjairs  mental 
performance  and  eventually  leads  to 
physiological  incapacitation. 

The  typical  approaches  to  reducing  thermal 
stress  are  not  always  feasible  during  milit^ 
operations.  For  example,  removal  of  protective 
clothing  to  reduce  insulation  is  certainly  not 
possible  during  times  of  chemical  threat. 
Reductions  in  metabolic  rate  are  also  not 
prtu;tical  if  objectives  must  be  met  within  limited 
time  frames  (i.e.,  recommended  work-rest 
schedules  cannot  be  used).  Finally,  altering  the 
external  environmental  conditions  is  simply 
impossible,  and  even  macroclimate  conditionmg 
(i.e.,  air  conditioning  of  vehicle  interiors)  is 
often  ineffective  due  to  the  insulation  of  the 
protective  clothing.  In  general  terms, 
macroclimate  conditioning  can  faciliute 
dissipation  of  heat,  but  the  real  problem  is  high 
internal  heat  production  and  its  containment 
within  the  body  by  the  insulation  of 
operationally  dictat^  clothing. 

The  notion  that  retention  of  metabolic  heat  in 
chemical  defence  (CD)  clothing  is  a  problem 
was  clearly  demonstrate  in  a  st^y  of  thermal 
stress  in  C^188  aircraft  conducted  in  Germany 
during  the  spring  of  1988.  Three  pilots  flew  3 
missions  per  day  for  2  consecutive  days, 
followed  by  a  single  mission  on  the  third  day, 
while  wearing  the  full  complement  of  Individual 
Protective  Equipment  (IFE)  (1,  2).  Rear  seat 
safety  pilots  wore  standard  flight  clothing  (i.e., 
NOIPE)  and  were  treated  as  physiological 
controls.  During  the  second  week  of  the  study, 
IPE  and  NOIPE  pilot  pairs  reversed  roles, 
yielding  a  total  of  42  man-missions  completed  in 
full  IPE.  All  pilots  were  instrumented  widi  a 
rectal  probe  early  in  the  morning,  and  rectal 
temperature  (Tre)  was  monitored  continuously 
throughout  the  day  as  the  pilots  went  about  dieir 
flying  activities.  Apart  from  the  differences  in 
flight  ensembles  ai^  who  was  actually  flying 
the  aircraft,  IPE  and  NOIPE  pilot  pairs 
performed  virtually  identical  activities  at  the 
same  time.  Since  IPE  pilots  remained  dressed 
in  IPE  for  the  first  2  missions  of  the  day  but 
undressed  and  redressed  for  the  evening  ^g^t. 


die  daily  teoqierature  results  are  broken  into  2 
segments. 

While  the  resula  in  Figure  1  show  that  IPE 
pilots  suffered  significantly  greater  (although 
relatively  mOd)  thermal  strain  than  their  NOIPE 
counterparts,  they  also  show  that  Tre  in  both 
^iO(q>s  oi  pilots  rose  whenever  physical  activity 
increased  (e.g..  dressing,  walking,  climbing 
and  stnqiping  into  the  aircraft,  flying)  but  fell 
whenever  physical  activity  was  reduced  (e.g., 
doing  mission  planning,  performance  tests  at  a 
cooqiuter  terminal,  being  driven  to  the  hangar, 
resting  between  sorties).  It  was  concluded  ^at 
ele\^^  metabolism  coupled  with  the  insulation 
of  clodiing  led  to  increases  in  core  temperature 
during  times  of  physical  exertion.  The  increases 
were  si^ficantly  greater  for  the  IPE  pilots 
wearing  more  insulation.  The  recommendations 
from  &t  study  were  to  limit  pilot  physical 
activity  by  using  a  buddy  system  fw  dressing  in 
IPE,  (Mving  air  crew  between  bunkers  and 
hangars  in  air  conditioned  vehicles,  having 
ground  crew  or  other  personnel  conduct  aircraft 
walk-around  inspections,  assisting  pilots  with 
ingress/egress  procedures,  and  inoviding  a  cool 
resting  place  for  pilots  between  missions. 

Microclimate  conditioning  can  overcome  some 
of  the  above  difficulties  by  removing  metabolic 
heat  fiom  the  body  before  it  has  to  pass  through 
multiple  layers  of  insulative  clothing.  In 
general,  the  closer  the  system  gets  to  the  skin 
the  more  effective  it  is,  but  it  may  then  also 
require  more  careful  control  of  temperature  in 
or^  to  maintain  user  comfort.  In  this  regard, 
passive  ice  cooling  systems  may  be  less 
desirable  than  those  based  on  liquid  or  air 
because  they  offer  no  means  of  controlling  the 
rate  or  degrw  of  cooling.  A  study  of  the  Steele 
vest  (an  "ice”  vest)  conducted  at  DCIEM 
report^  that  the  vest  could  not  be  worn  next  to 
the  skin  because  of  excessive  initial  cold 
discomfort;  the  vest  was,  therefore,  worn  over 
an  undershirt  (3).  That  same  study  found  no 
significant  increase  in  woric  tolerance  time  in  the 
heat  while  wearing  the  ice  vest,  perhiq)s  because 
of  too  much  insulation  between  the  ice  and  the 
body  (the  vest  itself  is  made  of  heavy  fabric). 

Cooling  garment  efficiency  should  be  enhanced 
by  extra  insulation  between  the  cooling  garment 
and  the  hot  envirmiment  because  less  ambient 
heat  would  be  absorbed  by  the  garment. 
Studies  of  a  Life  Support  Systems  Inc.  (LSSI) 
liquid  cooled  vest  on  a  therniial  manikin  verified 
that  this  was  indeed  the  case.  Parallel  studies 
with  human  subjects  wearing  the  cooling  vest  in 
the  heat  showed  that  core  temperature  increases 
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were  less  wheo  a  heavier  (CD)  flight  ensemble 
was  worn  compared  with  a  standi  (non-CD) 
flight  ensemble  (mean  ATre  ot  0.4*^  vs.  1.0°C, 
respectively).  Body  heat  removals  ai  -70  W 
and  cooling  garment  efficiencies  of  50-80% 
were  c^Xained  with  the  standard  flight  ensead>le 
(4).  It  should  be  pointed  out  that  rather  large 
varialhlity  in  the  heat  removal  and  efficiency 
data  was  observed  in  this  study.  The  LSSI  vest 
can  lose  contact  with  the  body  when  the  corri^ 
channels  are  pressurized  by  the  circulation 
pump,  and  posture  the  subject  will  greatly 
aflea  contact  and  the  degree  heat  tran^r. 

3.  COOLING  MEDIA 
The  majority  of  personal  cooling  garments  use 
either  water  (with  or  without  an  andfieeze  agent) 
or  air  as  the  cooling  medium.  Two  notable 
exceptions  are  the  Steele  vest  mentioned  above 
which  uses  freezable  blue  gel  packs,  and  the 
Thermacore  vest  which  uses  the  direct 
evaporation  of  fireon.  All  approaches  can  be 
effective  if  the  system  is  well  designed,  and  the 
final  choice  is  often  dictated  by  operational 
requirements  and  technical  constraints.  Table  I 
lists  some  of  the  advantages  and  disadvantages 
of  both  air  and  liquid  systems. 

DCIEM  developed  an  air  vest  because  of  its 
specific  advant^es  over  a  liquid  system  when 
related  to  use  in  a  high-performance  aircraft 
already  equipped  with  an  on-board  air 
conditioning  system  or  environmental  control 
unit  ^CU)  (e.g.,  CF188  Hornet).  The  design 
principle  of  the  vest  is  the  creation  of  a  manifoid 
that  can  distribute  low  pressure  cooling  air 
across  the  torso  even  under  tight  fitting  clothing 
such  as  a  positive  pressure  br^thing  jerkin.  A 
spacer  fabric  sandwiched  between  two  layers  of 
air-impermeable  fabric  where  the  iimer  (body 
side)  layer  is  perforated  with  1/8  inch  diameter 
holes  forms  die  manifold.  A  second  layer  of 
spacer  fabric  interposed  between  the  manifold 
and  the  body  ensures  that  air  leaving  the 
manifoid  via  tte  holes  has  an  uninqieded  to 
flow  across  the  body  before  escaping  around  the 
periphery  of  the  vest 

Comparisons  between  the  DCIEM  air  vest  and 
the  LSSI  liquid  cooled  vest  (5,  6)  indicated 
better  overall  performance  with  the  air  vest. 
Objective  data  showed  that  rectal  tenmeratiro 
increases  were  slighdy  less  (by  "0.2S^C)  with 
the  air  vest  compiued  with  the  liquid  vest  over 
2.5  h  of  heat  exposure  at  37^C  dry  bulb 
temperature.  This  could  have  been  due  to  the 
liquid  vest  losing  contact  with  tire  body  (as 
previously  mentioned)  whereas  the  air  vest  does 
not  rely  on  such  intimate  contact  fere  effective 


cooling.  Undergarments  were  also  much  drier 
with  the  air  vest  (315  g  ai  moisture  gain  with  air 
vs.  668  g  with  liquid  cooling),  sweat  rates  were 
markedly  reduced  with  air  (0.^  kg/h)  cooqiared 
to  liquid  (0.62  kg/h),  and  subjects  indicated  they 
would  choose  the  air  vest  ova  the  liquid  vest  if 
givoi  the  cfacMce. 

4 .  BODY  AREAS  FOR  COOLING 
It  is  faiily  straight  forward  flom  the  ireinciples 
of  heat  transfer  that  total  heat  removal  can  be 
increased  either  by  increasing  the  surface  area  of 
coverage  of  the  cooling  garment  or  by 
decreasuig  the  teoqxTature  of  the  working  fluid 
(air  or  liquid).  There  is,  of  course,  a  limit  as  to 
how  small  an  area  can  be  used  because  it  would 
r^uire  a  very  large  temperature  gradient  and  a 
hi^  heat  flux  to  achieve  adequate  cooling,  and 
that  could  be  very  uncomfortable.  On  the  other 
hand,  cooling  of  the  entire  body  with  a  small 
oadient  may  be  inqreactical  because  of  working 
fluid  di^budon  difficuldes  in  reladon  to  other 
elements  of  clothing.  For  example,  adding  a 
cooling  garment  to  the  legs  of  a  fighter  pilot 
could  cause  discomfort  during  infladon  of  the 
G-suit,  and  kinks  in  the  coupling  tubes  due  to 
pressure  OT  even  posmre  could  cut  off  fluid 
circulation  to  a  portion  of  the  garment 
completely.  Clearly,  a  balance  between 
temperature  gradient  and  surface  area  covered 
should  be  sought,  and  this  depends  to  scxne 
extent  on  the  heat  flux  that  can  be  drawn  from 
s^iecific  body  areas. 

One  body  area  that  has  been  studied  extensively 
is  the  bead.  There  is  evidence  which  shows  that 
the  head  does  not  vasoconstrict  excessively 
when  exposed  to  cold.  This  is  an  advantage  for 
cooling  because  high  heat  fluxes  (•>300  W/m^; 
Frim,  unpublished)  can  be  obtained  even  with 
fairly  cool  fluids  in  a  cooling  cap.  However, 
too  cold  a  fluid  can  lead  to  discomfort,  and  total 
cooling  capacity  with  head-only  cooling  is 
limited  by  the  relatively  small  surface  area 
involved.  Surmised  adverse  effects  of  head 
cooling  on  dremooregulation  because  of  cooling 
of  the  hypothalamus  have  never  been 
substantiate 

If  head  cooling  alone  is  not  adequate  for 
eliminatimi  of  dermal  strain,  then  one  must 
increase  the  surface  area  being  cooled.  This 
dial  raises  the  question  of  whether  one  should 
still  cool  the  h^  in  addition  to  other  body 
regions  because  in  many  circumstances  cooling 
otha  parts  of  the  body  is  simpler  than  cooling 
the  head.  In  particular,  high-performance 
aircraft  pilots  wear  d^t  fitting  helmets  to  reduce 
problems  during  high-G  manoeuvres,  and 
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provuioB  of  head  coolinf  would  requite  a 
seoQod  cuaMm-fined  behoet.  or  at  least  a  Mcood 
liner,  to  accommodate  the  cooling  cap. 
Coupling  of  cooling  gannent  sub-elemenu 
(e.g..  coming  cq>  to  vest)  can  also  coomUcate 
dressing  procedures.  If  adequate  cooung  is 
availahte  ^  other  means,  pethaps  head  coaling 
can  be  oQuaed. 

A  DQEM  study  was  cmiducted  to  evaluate  die 
need  for  head  cooling  in  addition  to  torso 
cooling  (7).  Six  male  subjects  wore  an  LSSI 
liquid  cot^g  vest  and  cq;)  under  standard  CF 
summer  flight  clothing  on  three  occasions  in  a 
climadc  chamber  at  a  dry  bulb  tempentuie  of 
42°C  with  a  relative  hun^ty  of  30%.  Radiant 
heat  was  added  to  the  head  to  raise  the  globe 
temperature  to  S2°C  at  the  head  position. 
Cooling  conditions  were:  CTRL,  no  fluid 
circulation;  VEST,  tmly  torso  coolinjr,  and 
HEAD,  both  torso  and  head  cooling,  tiling 
fluid  was  circulated  at  a  flow  rate  0.3  L/min 
from  a  reservoir  maintained  at  10°C,  which 
resulted  in  a  garment  inlet  fluid  temperature  of 
IS^’C.  Sul^ects  attempted  to  stay  in  ^  chamber 
fcH*  180  min,  doing  a  series  of  mental  and  motor 
performance  tasks  while  seated  in  an  aviator's 
chair. 

The  Tie  data  from  this  study  are  presented  as  a 
function  of  time  in  Figure  2.  Most  obvious  is 
that  fact  that  the  chamber  conditions  were 
intolerable  for  more  than  *100  minutes  with  no 
cooling,  whereas  subjects  were  able  to  tolerate 
the  full  180  minutes  of  heat  exposure  with  body 
cooling.  Although  Tie  was  slightly  higher 
when  only  the  torso  was  being  cooled  cmiqiaied 
to  torso+head  cooling,  the  difference  was  not 
statistically  significant,  and  it  was  concluded 
that  head  cooling  was  not  essential  for  reducing 
thermal  strain  in  pilots.  Subsequent  studies 
with  cooling  vests  (both  air  and  liquid) 
confirmed  that  quantities  of  heat  (*160-180  W) 
sufficient  to  gie^y  reduce  thermal  strain  could 
be  removed  with  a  vest-only  system  (6). 

There  is  some  interest  in  cooling  other  small 
regions  of  the  body  to  effect  whole  body 
cooling.  For  example.  Defence  Research 
Establishment  Ottawa  (DREO)  researchers  have 
been  examining  hand  and  foot  cooling  and  have 
found  some  success  with  this  approach  (8). 
However,  the  logistics  of  cooling  body  parts 
that  are  so  highly  mobile  and  where  tactility  and 
flexibility  are  important  may  make  these 
approaches  difficult  to  implement  It  appears 
that  there  is  again  need  for  a  balance  between 
areas  of  high  heat  removal  and  the  practicality  of 
cooling  that  region  of  the  body.  The  tmrso  is 


periiaps  the  sinaplest  body  legioo  to  cool  and  it 
u  not  sunvising  that  most  cooling  systems 
utilue  at  lost  a  vest 

5 .  OP  FRICTION 

S .  1  Badtgrouad 

On  10  August  1990  the  Directorate  of  Maritime 
Aviatkm  (DMA)  advised  DCIEM  that  cm  24 
August  1990  five  Sea  King  helict^xers  and  their 
crews  would  be  deployed  to  the  Persian  Gulf 
for  Operation  Friction,  part  of  Canada's 
paiticipatioa  in  the  United  Nations  activities 
against  Iraq.  Due  to  the  high  ambient 
temperatures  in  the  Gulf  region  and  the 
anticipated  need  for  CD  ensembles.  DMA 
requested  that  DCIEM  provide  personal  cooling 
systems  for  the  air  crew. 

Despite  years  of  research  into  personal  ccmling 
at  DCIEM  and  development  of  both  air  and 
liquid  garments,  the  CF  had  never  brought  a 
complete  cooling  system  to  operational 
read^ss.  One  reason  was  that  there  had  never 
befcxe  been  a  stated  operational  requirement; 
another  was  the  lack  of  an  aircraft  ccunpatible 
lefhgeration  system  to  provide  the  cold  air  or 
liqu^.  A  serious  attempt  had  been  made  to 
implement  personal  cooling  in  the  Sea  King 
helicopter  using  a  DCIEM  version  of  the  LSSI 
liquid  ccmling  vest  and  an  Acuiex  Cooling  Unit 
(a  modified  DC- 10  ice  maker)  as  the 
refrigeration  unit  (9).  Field  tests  conducted 
from  1982-1986  with  this  and  other 
refrigeration  units  showed  the  systems  to  be 
very  unreliable  and  they  were  never 
leccxnmended  for  inqilementatiem  (10). 

5.2  The  Exotemp  System 
DCIEM  was  aware  of  other  commercial 
developments  in  the  personal  cooling  field. 
After  considering  the  various  options,  a  portable 
liquid  cooling  system  made  by  Exotemp  Ltd.  of 
Pembroke,  Ontario  was  selected  as  most 
suitable  fOT  the  requirements  of  Op  Friction. 
The  system  was  cniginally  develoi^  for  use 
with  hazardous  materials  handling  suits  at 
Atomic  En^gy  of  Canada  Ltd.  as  well  as  with 
explosive  cmli^ce  disposal  suits. 

The  cooling  garments  consist  of  Nomex 
underwear  to  which  PVC  tubing  (3/32  inch  ID) 
has  been  attached  on  the  inner  side  with 
overstitching.  The  garments  include  lon^  johns, 
a  long-sleeved  turfleneck  undershirt,  and  a 
cooling  cap.  Having  demonstrated  in  previous 
worit  Aat  tOTSo  cooling  alone  can  substantially 
reduce  thermal  strain,  and  wishing  to  minimize 
modifications  to  CD  clothing  and  procedures,  it 
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was  dec?  to  use  only  the  undershin. 

In  the  original  version  of  the  Exomnp  systeni, 
ice  water  from  a  2  L  plastic  reservoir  is 
rirculatnl  through  the  garments  by  a  battery 
operated  pump.  The  reservoir,  battery,  and 
pump  are  all  contained  in  an  insulated  nylon 
pouch  with  straps  that  allow  it  to  be  worn  over 
the  shoulder,  around  the  waist,  or  strapped  to  a 
pant  leg  onto  which  a  Velcro  has  been 
added.  Again  wishing  to  minimize  extensive 
changes  to  the  CD  garments,  the  waist  carrier 
option  was  selected  as  most  suitable. 

5 . 3  Physiological  Evaluations 
Due  to  the  urgency  of  the  situation,  there  was 
little  time  to  conduct  an  extensive  thermal 
physiolt^cal  evaluadcm  of  the  poformance  of 
the  Exotemp  cooling  vest,  yet  it  was  deemed 
essential  to  have  smne  idea  of  the  pefformaoce 
of  the  system  under  the  hot  conditions  expected 
in  the  Gulf.  With  only  1  cooling  gannent  and  2 
days  of  time  available  for  testing,  4  subjects 
were  tested  only  once,  each  wearing  a  different 
clothing  configuration.  To  further  save  tiine, 
the  protocol  of  an  on-going  air  crew  thermal 
stress  study  was  adopted  dir^y. 

The  tests  were  conducted  in  an  environmental 
chamber  set  at  a  dry  bulb  tempoature  of  A6*‘C 
and  30%  relative  humidity.  Subjects  altered  the 
chamber  and  walked  on  a  tteadr^  at  4  km/h  for 
10  minutes,  and  then  sat  down  to  rest  fm  20 
minutes.  Thereafter,  each  half  hour  conststed  of 
10  minutes  of  light  arm  exercise  (arm  curls  with 
1  kg  weights  at  a  rate  of  1  up  or  down 
movement  per  second)  followed  by  20  minutes 
of  rest,  for  a  target  exposure  time  of  150 
minutes.  Tests  were  conducted  with  both 
standard  (STD)  and  CD  flight  ensembles,  both 
with  and  without  cooling.  During  non-cooled 
condidons  the  Exotemp  undershirt  was  replaced 
by  the  standard  air  crew  turtleneck  underwear. 
If  the  exposure  involved  cooling,  subjects  were 
connect^  to  the  coolant  supply  after  the  10 
minute  treadmill  walk. 

Figure  3  shows  the  changes  in  rectal 
temperature  over  time  for  each  Ae  4  subjects. 
Note  that  the  subject  in  the  CD-No<^l 
configuradon  terminated  his  exposure  after  only 
70  min.  This  was  due  to  personal  dme 
constraints  and  not  to  thermal  stress.  The  data 
for  that  configuradon  have,  however,  bc«n 
extrapolated  with  considerable  confidence  based 
on  numerous  past  hot  chamber  studks  (e.g., 
condidon  CTRL  in  Fig.  2).  Whereas  subjem  in 
the  non-cooled  condidons  showed  core 
temperature  increases  that  were  rapi^y 


approaching  the  allowable  experimental 
tolerance  li^  of  2^C,  subjects  in  the  cooled 
conditioos  showed  stable  a^  only  marginally 
elevated  (<0J°C)  cote  temperatures.  It  is  quite 
clear  from  these  limited  data  that  the  Exotemp 
cooling  garment  did  indeed  reduce  the  severity 
of  thermal  stress  on  the  body. 

Figure  4  presents  the  sldn  teiiq)erature  data  from 
the  CD-Cool  test.  The  curve  labeled 
"Periphery"  represents  the  mean  skin 
teoqterBture  of  7  body  sites  that  were  not  under 
the  cooling  shirt,  while  curve  "Torso" 
represents  dte  mean  of  5  sldn  temperature  sites 
that  were  covered  by  the  shirt  Note  that  the 
peripheral  sites  of  tlte  body  were  warmer  than 
rectal  temperature,  indicating  they  were  gaining 
heat  from  die  environment  and  bringing  it  into 
the  body.  Heat  flux  measuremoits  confirmed  a 
heat  gain  of  <-40  WAn^  at  the  periphery.  In 
contrast,  those  sites  tltet  were  under  the  cooling 
shirt  were  getting  progressively  cooler  with 
dme,  thereby  presenting  the  body  with  an 
internal  (core-to-sldn)  temperature  gradient  for 
the  dissipation  <rf  heat.  Heat  flux  measurements 
on  the  torso  indicated  an  average  heat  removal 
rate  of  just  over  KXlWAn^. 

The  cycling  of  sldn  tetqieratuTe  on  the  torso 
deserves  special  attendon.  It  does  not  represent 
any  kind  d  physiological  vasoconstriedon  or 
vasodiladon  reqxHise  of  the  body,  it  is,  rather, 
a  pmly  physical  phenomenon  associated  with 
paiodic  replenishment  of  the  ice  in  the  cooling 
reservoir.  Under  the  chamb^  test  conditions, 
the  ice  melted  in  15-20  minutes  and  the  cooling 
capacity  was  (^leted  in  about  30  minutes.  Part 
of  the  limitadon  in  cooling  capacity  was  the 
difficulty  of  packing  the  pl^c  reservoir  bottle 
with  sufficient  ice  chips.  This  was 
subsequently  overcome  by  prefreezing  the  entire 
bottle  to  create  a  block  of  ice  inside.  Because  of 
a  fluid  port  near  the  bottom  of  the  bottle,  only 
about  1.5  L  of  water  could  be  frozen,  and  the 
botde  had  to  be  placed  on  an  angle  during 
freezing  to  prevent  blockage  of  the  port. 
However,  this  procedure  approximately  doubled 
the  cooling  ct^acity  of  the  system,  an  important 
factor  for  the  logisdes  of  Op  Friction.  (Note 
that  Exotemp  has  since  then  modified  the 
coolant  resovoir  design  so  that  fluid  inlet  and 
oudet  are  on  the  cap  of  the  bottle.  This  permits 
the  bottles  to  be  frozen  in  an  upright  position 
with  »1.9  L  of  water.) 

5 . 4  Implementation 
Having  demonstrated  that  the  Exotemp  cooling 
undershirt  could  indeed  reduce  thermal  strain, 
the  system  now  had  to  be  integrated  into  (iH124 


Sea  King  helicopter  operatioDS.  That  involved 
integratioa  of  the  cooling  undershirt  with  the  CD 
ensemble,  intemdoo  of  the  pump  and  cooling 
reservoir  into  the  aircraft,  and  integration  of  the 
entire  system  into  both  aircraft  and  support  ship 
operational  procedures. 

Most  critical  in  clothing  integration  was  finding 
a  method  of  connecting  the  cooling  shirt  to  the 
coolant  supply  while  retaining  the  capability  of 
donning  and  doffing  the  layers  of  the  CD 
ensemble  without  cross  contamination  by  liquid 
agent.  The  cooling  garment  also  had  to  remain 
totally  independent  of  the  CD  enscmUe  so  that  it 
could  still  be  used  with  the  standard  flight 
clothing.  The  left  side  seam  of  the  charcoal 
coverall  was  opened  "4  inches  at  groin  level 
where  the  deliveryAetum  lines  of  the  shirt  were 
located.  Mating  swatches  of  Velcro  were  sewn 
into  the  opening  so  that  the  tubing  from  the  shirt 
could  be  "clamped**  into  the  gap.  The  CD 
coveralls  were  also  opened  on  the  left  side  and 
an  "elephant  trunk"  or  sheath  of  liquid-repellent 
fabric  was  sewn  into  the  seam.  Two  short 
lengths  of  tubing  were  captively  sewn  into  the 
sheath  to  effectively  extend  the  cooling  shirt 
tubing  lines  to  the  outside  of  the  CD  coverall. 
Connectors  on  the  ends  of  the  tubing  were 
polarized  male-to-female  from  body-to-cooling 
supply,  but  with  the  same  polarity  on  any 
terminating  pair  of  tubes.  This  greatly 
simplified  dressing  procedures  since  either 
extension  tube  in  the  CD  sheath  could  be 
connected  to  either  tube  of  the  shirt  (inlet/outlet 
of  the  shirt  arc  interchangeable). 

It  was  decided  early  on  that  the  cooling 
reservoir/pump  assemblies  should  be  aircrau 
mounted  rather  than  carried  on  the  body. 
Criteria  for  mounting  included  proximity  to  the 
user,  accessibility  for  in-flight  replacement  of 
ice  bottles,  access  to  pump  speed  controls,  no 
permanent  alterations  to  aircraft  structure,  crash 
worthiness,  and  ease  of  manufacture  and 
installation  of  mounting  hardware  given  the 
short  time  available.  For  each  crew  station,  a 
"low-tech"  solution  using  fabric  pouches  and 
straps.  Velcro,  or  existing  screws  was  used  to 
mount  the  pump  assembly  on  the  seat  or 
bulkhead.  Ihe  mounting  was  firm  enough  so 
that  during  emergency  egress  from  the  aircraft 
the  tubing  and  connectors  would  simply 
separate,  leaving  the  pump  assembly  behind. 

Although  the  original  portable  system  was 
powered  by  9.6  V-dc  rechargeable  Ixitteries, 
Exotemp  was  able  to  povide  28  V-dc  pumps 
for  conqiatibility  with  aircraft  power.  An  earlier 
decision  to  use  battery  power  for  the  CD 


filter/blowers  meant  that  wiring  was  already 
available  at  each  crew  station  for  powering  the 

Eumps.  Extension  tubes  of  2-4  ft  length 
etween  the  man  and  the  cooling  reservoir 
completed  the  coolant  flow  loc^. 

The  logistics  problem  of  providing  more  than 
30-40  minutes  of  cooling  was  solved  by  using 
picnic  coolers  to  store  prcfirozen  bottles  of  ice 
aboard  the  aircraft  Two  coolers  with  a  capacity 
of  10  bottles  each  were  secured  to  a  bulkhead  in 
the  aft  cabin  using  webbing  straps  or  bungee 
ctvd,  and  one  of  tlrc  crew  had  the  responsibility 
of  exchanging  the  bottles  whenever  they  were 
depleted  of  cooling  capacity. 

The  sailing  from  Halifax  to  Gibraltar  was  used 
to  train  air  crew  and  ground  crew  in  the  use  and 
routine  maintenance  of  the  cooling  system,  to 
conduct  operational  and  technical  evaluations  of 
the  system,  and  to  develop  solutions  for  any 
problems  encountered. 

5.5  System  Performance 
Twenty-three  Op  Friction  air  crew  used  the 
cooling  system  sometime  during  the  trans- 
Atlantic  training  flights  even  though  ambient 
conditions  were  generally  not  severe  enough  to 
necessitate  its  use  (average  temperature  2S°C; 
maximum  32°C).  During  early  trials  the  system 
frequently  failed  to  provide  cooling,  due  mainly 
to  kinking  of  the  supply/rcturn  lines  under  the 
clothing.  Better  attention  to  cooling  line 
placement  during  dressing  solved  most  of  these 
difffculties.  Since  the  Gulf  war,  steel  coil 
springs  have  been  placed  over  these  coolant 
lines  as  stiffeners  to  pnevent  kinking. 

From  a  thermal  perspective,  the  system 
performed  very  well  when  it  was  functioning. 
During  the  trans-Atlantic  trials,  the  pump  was 
usually  set  to  low  speed  since  higher  speeds 
p^uced  slight  cold  discomfort.  Most  of  this 
discomfort  occurred  immediately  after  bottle 
replacement,  but  the  perception  passed  quickly 
as  the  body  adjusted  to  the  change.  Sensations 
of  "too  cold"  were  reported  only  for  about  14% 
of  a  mission  duration.  Air  crew  reported  feeling 
"cool"  or  "medium"  under  the  cooling  garment, 
as  well  as  "warm"  or  "medium"  on  the  skin  not 
under  the  cooling  garment,  about  40%  of  the 
time.  However,  they  were  "too  hot"  on 
uncooled  body  regions  for  about  25%  of  the 
time. 

The  overall  performance  of  the  cooling  system 
was  rated  as  good  or  excellent  by  all  but  one  of 
the  air  crew  (his  complaint  was  related  to 
kinking  of  tubing).  Sixty-nine  percent  of  air 
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crew  indicated  that  their  operational 
effectiveness  was  increased  by  the  cooling 
system,  while  three  air  crew  stated  that  their 
operational  effectiveness  was  actually 
decreased.  This  rating  was  givai  because  of  the 
effmis  expended  to  rectify  tube  kinking  and 
inadvertent  disconnect  problems  in-flight. 
Given  that  these  minw  technical  difficulties  have 
been  solved  with  simple  modifications,  the 
system  did  receive  a  high  success  rating. 

Perhaps  the  best  testimonials  to  the  benefits  and 
success  of  air  crew  person^  cooling  were  the 
inquiries  from  the  British  ship  HMS  Gloucester. 
They  wanted  to  know  how  ^  Canadian  pilots 
were  able  to  fly  2-hour  missions  while  their 
British  counterparts  were  limited  to  1-hour 
because  of  thermal  stress. 

A  detailed  report  on  the  introduction  of  persc^ 
cooling  for  CHI 24  Sea  King  helicopters  during 
Op  Friction  is  available  (1 1). 

6.  CONCLUSIONS 

Personal  cooling  systems  have  been  in 
development  for  many  years  and  a  variety  of 
good  components  are  available  today.  Such 
proliferation  exists  because  q)ecific  {q)plications 
impose  unique  constraints  on  the  garment  as 
well  as  on  the  coolant  suj^ly,  and  it  is  virtually 
impossible  to  design  a  universal  cooling  system 
that  can  be  used  under  all  circumstances.  The 
aviation  requirement  is  perhaps  second  only  to 
manned  space  exploration  in  imposing  severe 
weight  and  volume  restrictions  on  equipment 
and  systems.  However,  since  personal  cooling 
in  aviation  has  never  been  deemed  essential  (as 
it  is  for  space  activities),  its  inqilementation  has 
been  greatly  impeded.  Despite  the  vast  body  of 
scientific  evidence  fit>m  laboiatOTy  studies  and 
field  trials  that  personal  cooling  can  relieve 
thermal  strain  and  enhance  pilot  performance, 
the  push  to  "get  on  with  it"  has  been  lacking. 

The  Persian  Gulf  conflict  provided  that  impetus 
to  the  CF  when  DCIEM  was  asked  to  provide 
personal  cooling  for  the  Sea  King  helicopter 
crew.  Although  no  suitable  system  specific  to 
that  requirement  had  been  developed,  an 
existing  system  was  quickly  modified  to  fill  the 
need.  Paramount  in  achieving  our  objective  in 
such  a  short  time  was  the  use  of  a  "low-tech" 
approach  to  providing  a  coolant  supply.  The 
decision  to  use  pouches,  straps.  Velcro, 
prefrozen  ice  bottles,  picnic  coolers  and  bungee 
cord,  rather  than  wait  for  development  of  an 
aircraft-compatible  refrigeration  unit,  allowed  air 
crew  personal  cooling  to  be  implemented 
quickly  and  tested  in  actual  combat  for  the  first 


time.  The  success  of  the  system  was  clearly 
demonstrued  by  the  interest  of  other  nations  in 
the  Canadian  equipment 

Perhaps  it  is  time  that  personal  cooling  is 
deem^  essential  and  that  it  becomes  an  integral 
component  of  future  air  crew  life  support 
systems. 
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Table  L  Conqwrisoo  Air  vs.  Liquid  Coc^g  Garments 


■JOE - 

Advantages 

Disadvantages 

-  more  natural  cooling 

-  h^t  weight  garment 

-  no  liquid  qnll  hazard 

-  sinqder  logistics  (no  antifreeze) 
-comfottabfe 

-  no  need  for  refrigeration  unit  in 
vehicle  with  ECU 

-  aum-regulation  of  cooling  via 
sweating  centred 

-  undei^piments  stay  drier 

-  contact  with  body  not  essential 

•  require  filtered  air  (fiber  size?) 

-  laq^  CD  suit  penetrator 
-latger  connectors 

-  poRitinUty  difficult 

-  tltick  umbilical  to  air  supply 

-  difficult  distribution  over  body  widi 
ti^  clothing 

-  require  vents  if  outer  clothing  is 
inycrmeaMe 

UQUID: 

Advantages 

Disadvantages 

-  portabiliw  with  ice  pack 

-  sinqiler  CD  Ops  procedures 

-  small  imibilical  to  fluid  supply 

-  easily  controlled  cooling 

-  short  duratior.  oS  ice  pack 

-  may  need  butyl  tubing  for  CD  use 

I 
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Fijprc  1.  Change  in  lectal  temperature  (ATre)  as  a  function  of  time  of  day  for  IPE  and 
NOIPE  pilots  (see  text).  Values  are  means  ±  SEM  for  6  subjects  over  3  ^ys.  Flights 
took  place  between  ^tpioximaiBly  0940  - 1110  h;  1255  -  1425  h;  and  1855  -  2025  h. 
Core  temperatures  increased  whensver  pUots  were  physically  active  and  decreased  when 
activity  was  reduced  (see  text).  Aldiough  thermal  ^ysidogical  strain  was  not  excessive 
in  this  study,  it  was  significantly  greater  in  IPE  pil^  compared  to  NOIPE  pilots. 
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Figure  2.  Rectal  temperature  (Tre)  as  a  function  of  time  for  the  3  test  conditions: 
CniL,  no  cooling;  V^T,  totso  only  cooling;  HEAD,  torso  +  head  cooling.  Data  are 
means  ±  SEM  for  6  suligects.  There  were  no  significant  differences  between  conditions 
HEAD  and  VEST  (error  bars  are  overiapped). 
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F^ure  3.  Change  in  rectal  teaqiaature  (A'ne)  as  a  ftinction  of  time  in  standard  (STD) 
and  chemical  defence  (CD)  clouung,  bo^  with  (Cool)  and  without  (NoCool)  cooling. 
Data  are  from  individual  subjects,  and  the  CD-NoCool  data  are  exti^)olated  after  70 
minutes  (see  text).  There  is  a  clear  reduction  in  thermal  strain  using  die  Exotemp 
coding  underdurt  under  diese  conditions. 


Figure  4.  Skin  temperatures  as  a  function  of  time  while  wearing  the  CD  flight 
oisonble  and  the  Exo^qi  coding  shirt  "Periphery"  shows  the  mean  sldn  tenqiera^ 
of  7  body  sites  not  being  cooled,  while  "Torso^  shows  the  mean  tempetat^  of  5  sites 
under  the  cooling  garment  Cooling  was  only  initiated  after  ->10-12  minutes  in  the 
chtmober.  The  cycling  of  temperature  oa  the  torso  cdncides  with  rqilenishment  of  the 
ice  in  the  fluid  reservoir. 
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RESUME  :  La  contrainte  thermique  en 
a^ronautique  militaire  peut  entrainer  une 
baisse  des  performances  physiques  et 
psychomotrices;  en  particulier  la  Iterance  aux 
acc8forations  est  diminude.  L'utitisatjon  d'un 
sysfome  de  climatisation  individuelle  est 
susceptible  de  diminuer  le  stockage  de  chaleur 
et  de  permettre  ainsi  la  proiongsAion  des 
missions.  Deux  techniques  sont 
envisageables:  une  circulation  de  liquide 
rdfrig^  au  contact  du  corps  ou  une  ventilation 
d'air  r^igdr^  h  I'inforieur  de  la  combinaison. 
Deux  syst^mes  ont  ^  tesfos,  utilisant  Fun  une 
circulation  (feau  r^frigdr^e.  i'autre  une 
circulation  (fair  ii  20*C  sature  en  vapeur  d'eau. 
Le  Iluide,  air  ou  eau,  circulant  au  contact  du 
corps  est  r^frigerd  ^  raide  de  modules  thermo- 
diectriques.  Les  essais  rralisds,  sur  sujets 
hurhains  volontaires,  en  ambumce  chaude 
allant  de  40  4  50*C,  ont  permis  de  mettre  en 
Evidence  une  nette  arrfolioration  du  confort 
thermique.  Chacun  des  sysfomes  pr^nte  des 
avanta^  et  des  incorrvdnients.  Ils  doivent 
subir  des  ameliorations  technologiques  afin  de 
permettre  leur  utilisation  d  bord  des  avions  de 
combat. 


1  -  INTRODUCTION 

En  milieu  militaire,  de  nombreuses 
conditions  operationnelles  exposent  les 
personnels  k  une  contrainte  thermique 
importante.  Cest  le  cas  en  particulier  des  chars 
(8),  des  heHcopfores  (2-4)  et  egalement  des 
avions  de  chasse  (7,  13,  16).  Dans  ces  deux 
demiers  cas  la  contrainte  r^lte  cfune  charge 
thermique  essentiellement  exteme. 

En  a^ronautique,  la  charge  thermique  externe 
est  le  r^sultat  de  plusieurs  focteurs.  Par  temps 


chaud,  les  conditons  ambiantes  rdgnant  8 
rexterieur  de  raeronef  sont  aggrav^  par 
I'echaiffement  a^odynamique  de  la  structure 
lors  des  vols  k  grande  vitesse  et  basse  altitude. 
De  plus  I'in^rtance  des  surfaces  vitrees 
entraine  un  effet  de  serre.  Enfin  le 
rayonnement  de  I'^lectronique  de  bord 
augmente  la  temperature  ambiante.  L'influence 
de  ces  liacteurs  est  majoree  par  le  port 
crequipements  speciaux,  particulierement  les 
equipements  de  protection  physiologique 
contre  les  effets  des  accelerations  et  les 
equipements  NBC  (1 , 9, 10).  Tous  ces  focteurs 
concourent  e  une  augmentation  de  la 
contrainte  thermique  entrainant  une  baisse  des 
performances  psychomotrices  et  une 
diminution  de  la  tolerance  aux  accelerations 
Gz  (12). 

Le  recent  conflit  du  Golfe  Persique  a  demontre 
la  necessite  de  proteger  les-  personnels 
navigants  contre  I’agression  thermique  chaude 
dans  le  but  non  seulement  d'ameiiorer  le 
contort,  mais  surtout  de  conserver  les 
performances  operationneiies. 

Deux  solutions  sont  envisageables,  soit  une 
amelioration  de  la  climatisation  des  aeronefs, 
soit  I'utiiisation  cfune  climatisation  individuelle. 
La  premiere  solution  apparatt  coCteuse  tant  sur 
le  plan  financier  que  sur  le  plan  de 
I'encombremenL  De  plus  cette  technique  ne 
semble  pas  envisageable  pour  les  avions 
actuellement  en  service.  Enfin,  lors  de 
rutilisation  de  tenues  de  protection  NBC,  la 
diminution  de  la  temperature  ambiante  n'est 
pas  sufRsante,  puisic^  ces  equipements 
empechent  d'eiiminer  la  charge  thermique 
interne. 

Ces  remarques  imposent  done  I'utiiisation,  k 
bord  des  aeronefo,  d'un  systems  de 
climatisation  individuelie.  Cette  technique 
permet  k  la  fbis  de  limiter  les  apports 
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ttMMTniquM  pravanant  da  rambianoa  at 
d’illmiriar  la  chaiga  lharmiqua  da  roiganiarna. 
Oa  nombiaux  traMaux  ont  porti  sur  daa 
dquipamants  da  dimaiiaaiion  Indtvidualo 
udiaant  aoit  fair,  soil  un  liquida  r^frigir^.  soit 
dalagiaca(2.6.l4.l6). 

La  prteant  travail  rapporta  las  r^sultats 
oblanus  au  cours  (faxpdrimentaHons  mantes 
sur  daux  systenas  rdfrigdrants.  Fun  h 
ckcuWion  da  liquida,  Faulra  k  dratebon  (fair, 
dastinte  k  dtre  ambar()ute  k  bord  das 
atkonab. 

2  -  MATERCL  ET  METHOOES 

2.1  -  SyaSimsa  dacMmatlaaMon 

2.1.1  -SvalimaicfcfciilatlondallQUida 

La  systteie  k  dr(xiiation  de  Kquide  comprend 
un  gilet.  un  systbne  de  rteig^abon  at  un 
ensemble  de  (xrnnexion  entre  ces  deux 
dements.  Le  gHet  se  compose  cfune 
enveloppe  externe  comportant  une  face 
akimini^  destinte  k  limiter  Fapport  (»ioric|ue 
provenant  de  I'ambiarxM  et  cfune  vessie  en 
nylon.  CeUe-ci  assure  la  distribution  du  liquide, 
id  de  feau,  au  (xmtact  du  <x>rps  grtee  k  un 
rteeau  de  drrxilabon  en  stees  paraitde 
reprteentant  un  volume  de  1 ,1  dm3  environ. 

Le  systdne  de  rteigdation  est  compose  d'un 
dimatiseur  k  modules  thernto-^lectriques  qui 
assure  le  refroidissement  de  I'eau  aprte  son 
passage  dans  le  gilet  et  d'un  bottler  de 
commande.  Cekji-ci  comprend  une  pompe 
assurant  un  dteit  d'eau  de  0,9  dm3.min~^  et 
un  potientiomdtre  qui  permet  de  faire  varier  la 
puissance  de  refroidissement  de  125  250  W. 
Las  (xxinexions  entre  le  mockile  de 
refroidissement  et  le  gilet  s'eftectuent  grtee  k 
des  tubes  en  polyvinyle  munis  de  raccords 
auto-obturables. 

2.12  -  Svatteie  k  circulation  d'air 

La  volontfr  d'embarc^r  k  bord  des  adroneb  un 
tel  systteie  entralne  des  imp^ratifs  de  poids  et 
de  volume.  Compte  tenu  de  ces  contraintes,  le 
systteie  assure  uniquement  la  refrigeration  de 
fair  sans  fassecher.  H  comprend  un  dimatiseur 
et  un  hamais  de  ventilation.  Le  dimatiseur 
preieive  fair  ambiant,  le  refroidit  et  I'envoie  dans 


le  hamas  de  ventbation.  H  se  compose  (fune 
turbine  et  cfun  echangeur  constitue  de  deux 
modules  k  eftot  thermo  eiectilque,  piacte  en 
atee,  (fune  puissance  maximaie  de 
refroidbsement  de  150  W  chacun.  Un  botber 
de  commande  permet  de  faire  varier  cette 
pitesance.  Aprte  refroidissemenL  fexcte 
(feau  peut  tee  temind  grtee  fr  un  skpersteui 
(feau  centriftjge.  L'ensemble  assure  un  dteit 
de  200  dm^.min'l  (fair  refroidi  k  20*C  et 
sature  en  vapeur  d'eau. 

Le  harnais  de  ventilation  est  rtelisd  en 
GORETEX.  Un  systtene  de  distribution  (fair  est 
fixe  k  finbrieur.  L'air  arrive  dans  une  poche 
ventraie,  puis  est  distribufr  dans  (ies  tubukires 
famenant  vers  Ies  bras,  Ies  cuisses  air^  (tue 
vers  une  poche  dorsale.  La  perforteon  des 
(tiffarents  dteients  permet  d'assurer  une 
distribution  homogtee  de  fair  sur  tout  le 
rteeau. 

22-Sujeta 

Les  essais  avec  le  systtene  a  circulation  de 
liquide  ont  dte  rteliste  unic)uement  sur  deux 
sujets  masculins  volontaires. 

Les  essais  avec  I'equipement  ventile  ont  db 
rteliste  sur  cinq  sujets  masculins  volontaires. 
lls  tetent  agte  de  28  fr  38  ans  et  leurs 
caractfrristiciues  frtaient  les  suivantes 
(moyenne  ±  SO):  taille  176  ±  3  cm  et  poids  72 
*4,7  kg. 

T(xjs  les  sujets  avaient  bendficie  d'un  examen 
mteicai,  avant  leur  inclusion  dans  I'essai.  lls 
avaient  eb  infbrmte  des  buts  et  des  moyens 
de  I'exptementation  et  qu'ils  pouvaient  k  tout 
moment  en  interrompre  le  dteoulement.  A 
Tissue  de  cette  information  ils  avaient  donnd 
leur  consentement  terit. 

22  -  Protocole  exptebnental 

Lors  de  fexperimentation  avec  climatisation 
liquide,  les  sujets  arrivent  une  heure  avant  le 
dteut  de  fexperimentation.  lls  s'teiuipent  d'une 
sonde  k  thermoc(Xjple  piacte  fr  10  cm  de  la 
marge  anale  pour  la  mesure  de  la  tempteature 
rectaie  (Tre)-  Us  enfilent  alors  une  combinaison 
munie  de  10  thermocrxiples  pour  la  mesure 
des  temperatures  cutanees.  lls  revetent  ensuite 
des  sous-vetements  et  une  combinaison  de 
vol.  Le  gilet  refrigerant  est  place  au  dessus  de 
la  combineuson.  Les  sujets  perfotrent  ensuite 


dans  la  ehambra  dimatiqua  dont  la 
tamp^ralua  aat  riguMa  soft  i  40*C  aoU  i  50*C 
da  Tg  at  30  %  cfhumidM  ralativa  (HR).  Las 
su|els  sent  alors  connadis  au  moduia  da 
rMHgtsaHon.  La  tamp^raftisa  da  Faau  ast 
tnasiir4a  ft  fadifta  at  ft  la  todis  du  gHsL  Las 
masuias  ptiyaioiogiquss  at  physiquas  sont 
anragMrftas  toulas  las  mtaiulBs  ft  Faida  (fun 
micfo  orefinatBur. 

A  paitir  das  tampftnfturas  cutanftas 
individusllas,  la  tampftralura  cutanfta  moyanna 
(Tsk)  ast  (»lculfta  an  utftisant  las  coafliciants 
da  pondftration  da  HARDY. 

La  stockaga  da  chaiaur  ast  obisnu  ft  partir  du 
(»ricul  da  la  tempftfature  corporalla  moyanna, 
Tb,  somme  pondftrfta  da  Tra  at  Tsk  sous  la 
forme  ;Tb  =  a  Tra  b  Tsk.  avec  ft  la  nautraHIft 
thermique  a  =  0,73  at  b  »  0,27  at  au  chaud  a  » 
0.8  at  b»  0,2. 

Lots  da  I'axpftrimantabon  avac  vantilatkMi,  las 
sujats  arrivent  au  laboratoka  una  heura  avant 
la  dftbut  da  Faxpftrimantation.  Ils  sont  pasfts 
nus  puis  s’ftquip^  (ias  thermocouples  pour  la 
mesure  das  tampftratures  rectale  at  cutanftas. 
Las  Sleets  enfilent  ensuite  la  hamais  da 
vantiiation  puis  una  combinaison  NBC  destinfte 
au  PN.  L'isolement  da  cetts  combinaison  ast 
da  1  do.  La  sujetast  rapesft  habillft  puis  mis  au 
repos  pendant  environ  una  heura  dans  una 
ambianca  da  20*  ±  1*C.  II  pftnfttra  alors  dans  la 
caisson  dimatk|ue  dont  I'ambianca  ast  rftgulfte 
ft  45*C  at  25  %  (fHR.  Aprfts  vftrification  du  bon 
fonctionnement  das  captaurs,  la  sujat  ast 
connactft  au  dimatiseur  c^i  ast  mis  an  route  ft 
puisssance  constants  da  250  W  avac  un  dftbit 
(fair  da  200  dm^  min~^  ft  la  tempftrature  da 
20*C  at  saturft  an  vapeur  (fear.  La  sujat  rests 
assis  pendant  una  heura  sangift  sur  un  siftga 
(fhftifooptftre.  A  I'issue  da  Fessai,  la  sujat  ast 
rapesft  tout  habillft  puis  nu,  aprfts 
dftsftquipement. 

Pour  chacun  das  deux  systftmas  rftfrigftrants, 
una  expftrimentation  da  rftfftrence,  sans 
climatisation,  a  fttft  rftalisfta  dans  las  nrftmes 
conditfons  expftrimentaies. 

3-RESULTATS 


3.1.1.  -  Tampftraluraa  cmMiftaa 

Lots  das  assais  ft  40*0.  la  tampftraftira 
cutanfta  moyanrw  ad  abaissfta  da  0,5*C  par 
Fudisallon  cFuna  dknattsabon  individualle 
(35,8*C  avac  gilat  vs  363^  sans  gMol). 
Capandant  cans  vaiaur  moyanna  masque  una 
grande  disparitft.  En  aflat,  (tuand  Mat 
bftnftAde  (funs  dimatisalfon  individuais  la 
tampftralura  cutartfta  moyartrw  sous  la  giiet  aat 
diminufte  da  plus  da  3*C  (33,4X2  vs  36,5*C) 
alors  qua  la  tempftratura  cutanfta  du  rests  du 
(XXfMastaugmerafte  (37,3*C  V836J2*C). 

A  50*C  las  mftmes  constatatiorw  peuvant  fttra 
failBS.  Giobaiamant  la  tampftralura  cutanfta 
moyanna  ast  abaisafte  da  0,9*C  avac  la  gilat 
(36,4*C  vs  37.3*C).  La  tampftralura  culimfta 
moyanna  sous  la  gHet  ast  infftrieura  da  4*C 
(9,7*C  vs  37.7*C)  alors  (pjo  sur  la  rests  du 
corps  la  tempftralure  cutanfta  ast  supftriaura  da 
1*C  dans  cade  configuration  (38,2*C  vs 
37,1*C). 

3.1.2  -  Tampftfatura  radala 

L'utiiisation  (fun  systftme  da  dimaUsalion 
individuaile  limita  da  fagon  ftvidenta  Fftiftvalion 
da  tamp^ature  rectale  lifta  ft  la  contrakita 
thermique.  En  efteL  ft  40*C,  la  tempftralure 
rectale  augmente  da  0,7*C  aprfts  una  heura 
(fexposltion  sans  protection  alors  qu'avac  una 
climatisation  individualle  Faugmentatlon  n'ast 
qua  da  0,2*C. 

A  50*C  Fexposition  ft  la  chaiaur  provociue  una 
ftiftvation  da  la  tempftrature  rectale  da  1.1*C 
alors  qua  Futilisatfjon  du  gilat  da  refroidissament 
limita  catte  ftiftvation  ft  0,4*C. 

3.1.3  -  Stockaga  da  chaiaur 

Qualles  c|ue  soient  las  conditions  ambiantes,  la 
stockaga  da  chaiaur  ast  diminuft  par  Futilisation 
d'une  climatisation  individuelle.  Cette 
diminution  attaint  34  %  (105  kJ/m2  vs  159 
kJ/m2)  at  40  %  (130kJ/m2  vs  226kJ/m2) 
respectivement  ft  40  at  50*C. 


3.1  -  Exoftrimentation  cHmatiaatlon  Hoi 

Las  rftsultats  figurant  dans  la  tableau  n*  1 


3.2  -  Pxnftrlmarrtatlon  ciimatlaation  dm 

Las  rftsultats  figurant  dans  la  tableau  n*2. 


Lm  tupirluw  cuiantes  moyennes  au 
dibut  da  raxpMnantalion  na  aont  pas 
alBlialiauainant  dMifafass  avoc  ou  aans 
hamaia  da  vanttabon.  En  ravancha  b  fisaua 
(funa  axpoaibon  (funa  haura  au  chaud  avac 
vanblation.  la  tanipdialura  cutanda  moyanna 
aat  signMcadvamant  plus  basaa  qu'd  la  fin  du 
last  da  idfiranca  (Z4JZ2  x  0,18*C  vs  36^  x 
0,18*C).  Catta  diminulion  ast  Ma  d  una 
lampdralura  cutanda  bassa  au  nlvoau  du 
busia,  saida  zona  vambda  (31^  x  0.8*C).  Par 
oonlra  an  abeanoa  da  dimalisalion  IndividuaMe, 
la  tampdralura  du  busts  eat  otovdo  at  piocha 
da  la  tampdralure  cutanda  moyanna  (37,18  x 
0.13*C  vs  36,96x0,18*0. 

32,2  -  Tampdralura  raelala 

La  valaur  da  la  tampdralure  ractale  n'aat  pas 
mocblide  par  rutiUsation  <fune  dimalisation 
individualle  par  circulation  (fair.  On  constate  en 
elfat  qu'au  ddbut  das  easais  la  moyenne  des 
tampd^res  rectales  est  de  37,12  x  027*C 
sans  protaction,  et  de  37,16  x  0,1S*C  avec 
protection  (NS).  A  la  fin  (fune  heure 
(fexpoaition  d  4S*C.  2S  %  cfhumidild  relative, 
cea  tempdratures  sont  respecdvement  de  37,4 
x0.14*Cet  37,42x0.19*0. 

323  -  Slockaga  da  chalaur 

La  stockage  de  chaleur  d  fissue  de 
rexpdrimentation  de  rdfdrence  est  de  172  x  9 
kJ.m~^  akxs  (tu*!!  n'est  que  de  90  x  8  kJ.m~2 
avec  climatisation  mdividuelle.  La  reduction  de 
la  contrainte  thermique  est  de  prds  de  50  %  et 
la  diffdrence  est  stadstiquemem  significative  (p 
<0.05). 

322  -  Parte  da  poMa  audorale 

Las  variations  de  poids  entre  le  ddbut  et  la  fin 
de  rexposition  d  la  chaleur  sont  differentes 
avec  et  sans  ventilation  (268  x  54  g  vs  338  x 
69  g).  Cette  diff^ence  n'est  pas 

stadstiquement  significative.  Les  quantites  de 
sueur  evaporde  sont  du  mdme  ordre  avec  et 
sans  ventilation  (124  x  38gvs168  x  78g  p> 
0,05).  Le  pourcentage  de  sueur  dvaporde  est 


(fenviron  50  %  queNe  (|ue  sod  ia  siualion 
axpdrimantale. 

4-DISCUSSiOW 

En  adrormutique  miMaire.  lea  vola  reaHads  d 
basse  aRdude  et  grande  vdassa  ainsi  que  le 
port  (fdquipements  spdciaux  da  prolaciion 
anti-G  et  NBC  augmerdartt  de  manidre 
importante  la  contraints  thermique.  II  devient 
irtcfispensable  (fidiliser  des  dquipemems  de 
dimatisation  individueHe.  Au  coi^  de  oe 
travail,  nous  avons  testa  successivement  un 
systdme  de  ctrcuiadon  de  liquide  et  un  systdme 
ventbd. 

La  compatibilile  de  tels  systdmes  avec  des 
avions  de  chasae  repoae  sur  leur  autommie  et 
un  faible  devis  de  volume  et  de  masse.  En  ce 
qui  conceme  les  systdmes  de  dimalisalion 
individuelle  C|ue  nous  avons  testds,  qu'il 
s'agisse  cTune  dimatisation  par  air  ou  (fune 
dimatisation  d  drculalion  de  liquide.  nous 
avons  choisi  un  systdme  rdfrigdrant  d  modules 
thermo-dlectriques.  Ceiui-d  peut  dtre  aiimentd 
d  partir  du  rdseau  dlectric|ue  de  bord.  A  notre 
connaissance.  d  fheure  actueHe.  peu  de 
systdmes  ddjd  utilisds  sont  capables  d* assurer 
une  dimatisation  efficace  pendant  une  durde 
c|uasi  ilUmitde.  Cadarelte  et  coll  (6)  en  1990, 
testant  trois  systdmes  differents  du  commerce. 
rapportarR  que  le  temps  de  fonctionnement  est 
compris  entre  20  minutes  et  2  heures.  Le 
systdme  que  nous  avons  utiiisd  offre  une 
autonomie  trds  nettement  supdrieure. 

Lots  des  essais  avec  le  systdme  d  circulation 
de  liquide,  nous  avons  ddlibdrdment  choisi  un 
dquipement  se  poitant  au-dessus  de  la 
combinaison  de  vol.  En  effeL  lors  de  la 
premidre  ddfinition,  cet  dquipement  devait  dtre 
optionnei  en  utilisation  opdrationnelle,  selon  les 
conditions  de  vol.  L'utilisation  (fun  sous- 
vdtement  rdfrigdrant  impose  le  franchssement 
des  (xxjches  externes  de  combinaison,  ce  qui 
peut  poser  des  probidmes  technk^ues  en  cas 
(futilissRion  d'une  combinaison  NBC. 
C^jendant  le  port  aa  dessus  d'une  tenue  limite 
I'efficacite  du  systdme  dont  le  principe  est 
(faugmenter  les  pertes  thermiques  par 
conduction  (5).  Ceci  est  bien  ddmontrd  par  les 
rdsultats  de  rexpdrimentation.  En  efidt  lorsque 
le  systdn>e  fonctionne  d  40*C,  il  entraine  une 
diminution  du  stockage  de  chaleur  de 
54kJ.  m~2,  sort  approximativement  30  W.  A 
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partir  das  tempdralures  cTeau  k  Fenlrte  at  ii  la 
aortie  du  gilat.  on  pant  caicuiar  la  puiasanca 
afliKiivamant  abaorbda  par  rdquipamant  On 
obdant  alors  una  valaur  da  119  W.  La 
randamarrt  du  systdma  ast  done  da  25% 
loraquK  ast  poitd  au  dasaus  da  la  combinaison 
da  voi.  On  paut  rapprochar  caa  r^aitfals  da 
oaux  pubNds  par  Richardaon  at  col.  (5)  qui 
dans  las  rndmas  conditions  axpdrimsntaiss, 
40*C  avac  irtiHsalion  (fun  syst^ma  i  dreuiation 
da  liquidft  oblanaiant  das  puissancas 
absorbs  da  1S0W.  II  taut  done  condura 
qu'avac  la  syst^ma  tastd  la  plus  grands  partis 
da  la  chalsur  absorbM  par  Is  gilst  provisrtt  da 
rambiancs.  cs  qui  n'sst  dvidsmmant  pas  la  but 
rschercM.  Das  conclusions  similaires  peuvant 
tea  obtsnuas  an  partant  das  r^ltats  das 
axpdrimsntsaions  r^alis^es  i  50*C.  La  solution 
adoptte  kxs  do  cos  sssais  apparait  done 
insuffisanta  pour  assuror  Is  contort  thormique 
du  sujst  Cspondant.  si  Ton  prsnd  an  compta  la 
valour  du  stockago  thonniqus  i  fissuo  do 
raxpdrimantation,  on  paut  constsdar  qu*!!  axista 
una  amelioration  das  tamps  do  toieranco.  En 
pronant  comma  stockago  maximum  admissiblo 
una  valour  do  210  kJ.m~2  (3)  on  constate  qu'ii 
40*C  la  limbs  da  toldranco  passa  do  2h  20  min 
i  4  houras  at  e  S0*C  do  56  min  e  2  h  20  min. 
L'adionction  (fun  systems  da  climatisation 
liquid  parmat  done  i  un  sujst  do  suppoitsr 
una  tainperaluro  do  50  *C  aussi  longtemps 
quoins  tamperatura  da  40*C  sans  prolaction. 
L'oxamsn  do  nos  resutterts  at  la  comparaison 
avac  las  donneos  do  la  litieraturo  pormsttant 
do  ponsor  quo  Futilisation  (fun  tel  systems  au 
contact  immediat  da  la  peau  at  raugmentation 
da  la  surfaca  refroidia  saraient  suscaptibles  da 
maintenir  la  contort  thormique.  Catte  hypothesa 
paut  s'appuyer  sur  la  tab  qua  la  tarnperatura 
cutande  das  stones  refroidies  rests  dans  las 
Itenltas  du  contort  thormique.  at  qua  par  aillaurs 
raugmentation  da  la  tarnperatura  rectale  reste 
taible  au  cours  da  rexposition.  Da  tailes 
modifications  sont  b  rheure  actuelle  b  retuda  at 
devraient  permettre  d'obtanir  un  ensemble  da 
climatisation  individuel  satisfaisant 

En  oe  c|ui  oonceme  la  systems  refrigerant  par 
ak,  la  choix  das  mrxlalites  da  refroidissement  a 
ei6  dicte  par  un  certain  nombre  da  contraintas 
tachniques.  Las  imperatife  da  poids  at  da 
volume  imposes  par  rinstaUation  e  bord  efun 
aeronaf  ne  permeltaient  pas  (fopter  pour  una 


ciimat»ation  complete  da  rair,  avac 
refrigarabon  at  assechamant.  ca  dernier  etark 
coutaux  an  enargie  at  necassbant  un  volume 
importarb.  La  choix  relenu  a  eie  caiui  d'une 
dknatisation  partieiie,  pwmettarb  da  refrokfir  e 
20*C  sans  rassechar  fair  preieve  darrs 
rambiance.  Las  corKktions  axperknantaias 
(45*C  at  25%  HR)  etaiant  caUes  rancontress 
dans  las  Iheetras  rfoperation  las  plus  frequents 
das  torcas  aeriannes  frangaises.  la  pto  da 
la  puissance  absorbea  par  requipamant.  un 
caicul  theorkfua  a  permis  (fevaluer  las  partes 
maximales  attandues  par  convection  at 
evaporation.  En  aflat,  en  accord  avac  las 
(kxmeas  da  la  lioerature  (11,14),  on  paut 
estimer  c^,  compta  tenu  du  d^  at  das 
caracteristiques  physiques  da  fair,  246  W 
peuvant  etra  en  theoria  eumines  par  la  hamais 
da  ventilalion  (63  W  par  conduction  ^  183  W 
par  evapor^ion).  L'obsarvaiion  das  resultats 
montre  qua  s'il  exists  una  diminution 
significative  da  la  temperature  cutanea  das 
zones  refroidies.  en  revanche,  la  sudation  n'est 
pas  modifiee  significativament  Las  etudes 
reaiiseas  par  Vallerand  at  col.  (18)  sur  un 
systems  comparable  utilisant  un  debit  (fair  da 
280  dm3min-1.  e  13^  at  70%  (fHR,  ont 
montre  c|ue,  dans  cas  conditions 
experimantaias.  I'evaporation  da  la  sudation 
avait  un  rdle  predominant  sur  la  diminution  da 
la  contrainte  thermkiue.  H  ast  evident  qu'un 
assechamant  memo  partial  da  fair  presents 
favantaga  da  fanmiiser  las  partes  thermkiues 
par  evaporation  at  (fu'un  systems  utilisant  da 
fair  sature  en  vapour  (feau  e  20*C  presents 
una  afficacite  assez  faibie  sur  ce  type 
(fechangas. 

Cfautre  part  la  systems  utilise  posseda  das 
perfbrmsincas  assez  feubles  au  regard  das 
tachnkiues  preconiseas  par  aillaurs.  Das 
etudes  anteriauras  (resultats  non  pikriies  par 
Colin  et  Timbal),  utilisant  da  fair  refrigere  e 
das  temperatures  inferieures  e  20*C  at 
asseche,  avaient  demontre  ()ue  dans  una 
ambiance  e  50*C.  un  debit  (fair  da  500  e  600 
dm^  min'l  etait  necassaira  au  maintien  du 
contort  thermkiue. 

Las  deux  experimentations  presentees, 
climatisation  par  air  ou  par  Ikiuide,  ont  ete 
maneas  e  deux  perkxies  eioignees  dans  das 
conditions  axperimentaias  differantas.  11  ast 
done  difficile  da  comparer  las  resultats 
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obtonus.  On  conMito  capendant  que  ces  deux 
systimes  sent  susceptibies  de  diminuer  de 
manibra  signillcativa  la  contrainte  thermiqua  an 
ambiance  chaude.  Las  tests  de  raterence 
rtaHsbs  dans  I'une  at  Fautra  experience 
oonfirmant,  s'ii  en  etait  basoin,  la  necessite 
(fuTte  ymitetion  de  la  contrainte  tharmique. 
Tous  ces  rasultats  sent  cotterents  avec  caux 
da  la  Mteralure,  particuiterament  lors  du  port 
(Tune  combinaison  NBC  (8). 

Las  rasultets  obtenus  sur  des  systemes 
embarquables,  irteme  s'ils  ne  sont  pas 
tolalamant  satisteisants,  demontrent  la 
faisabitite  cFuna  telle  solution.  Le  choix  entre 
climatisation  liquida  ou  par  air  rests  d  faire.  Les 
systemes  pas^  utitisant  de  la  glace  ou  du 
dichlorotetrafluoroethane  (3,13)  doivent 
(fembtee  dtre  Mmines,  compte  tenu  du  poids 
surayoute  ^  de  la  gdne  rejection  qu'ils 
peuvent  entralner.  Las  systemes  autonomes, 
thermo-alectriques  ou  autres,  qui  assurent  un 
fonctionnement  illimite,  doivent  permettre  de 
pallier  de  tels  inconvenients  au  prix  de 
I'utilisation  de  connecteurs  auto-arrachables. 
La  circulation  par  air  semble  en  premier 
examen  plus  seduisante  que  la  circulation  de 
liquide  du  fiait  de  son  teible  poids  et  de  sa  faible 
maintenance.  Cependant,  en  condition  NBC,  ie 
risque  da  contamination  par  Fair  de 
climatisation  n'est  pas  exclu  et  ce  dernier  point 
serait  en  teveur  de  I'utilisation  d'une  circulation 
de  liquide.  II  semble  en  effet  techniquement 
difficile  de  filtrer  d'importants  debits  d'air 
uniquement  pour  la  climatisation  du  ou  des 
pilotes. 

L'efficacite  des  deux  techniques  apparait 
comparable  memo  si  la  ventilation  semble 
posseder  un  leger  avantage.  Elle  permet  en 
effet  de  reduire  la  sudation  et  apporte  un 
contort  subjectif  superieur  (18). 

Dans  I'avenir,  des  modifications  seront 
entreprises  sur  les  systemes  d  circulation  de 
liquide  utilisant  des  modules  thermo- 
electriques.  La  surfece  refroidie  sera 
augmentee  et  I'dquipement  sera  porte  au 
contact  de  la  peau.  De  telles  ameliorations 
doivent  permettre  d'obtenir  des  resultats 
comparables  a  ceux  rapportes  dans  la 
litterature. 


5 -CONCLUSION 

Les  experimentatioris  menees  sur  sujets 
humains  voiontaires  ont  permis  de  mettre  en 
evidence  l'efficacite  (fequipements  individuals 
de  climatisation.  Ils  permettent  de  rerkiire  la 
contrainte  thermique  en  ambtartce  chaude, 
meme  en  cas  de  port  d'une  combinaison  NBC. 
L'utilissttion  de  nxxtoles  thermo-electriques 
permet  efenvisager  une  autortomie  Hlimitee 
pour  un  equipement  embarque  a  bord  d'un 
aerorref  de  chasse.  Des  amelior^ions 
techniques  restent  encore  ^  realiser  afin  de 
pouvoir  envisager  une  utilisation 
operationnelle. 
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Traf  iTamparatura  ractala  finala  CC) 
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Tbi:Tamparatura  moyanna  du  corps  finala  CC) 
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TABLEAU  ir2 

ESSAIS  DE  L'EQUIPEMENT  VENULE 
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Trai:Tamp4ratura  ractala  initiala  (*C) 

I  Traf:Ttmp4ratura  ractala  finala  CC) 

,  8:Stockaga  da  cnalaur  (kJ/m2) 

I  P1:Paita  da  poids  du  sujat  nu  (g) 

I  P2:Paria  da  pokis  du  tujat  dquipd  (g| 
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Tha  Gulf  war  craatad  an  unusual 
incant iva  to  tha  rapid  davalopaant  and 
daployaant  of  act iva  cooling  aystosM 
for  dafanca  Mrsonnal.  Ona  of  tha  aost 
succassful  afforts  in  thia  raspact 
conearnad  a  liguid-circulating  systaa 
which  dapartad  froai  prior  art  in  a 
nuabar  of  significant  ways.  Tha  systaa 
was  daployad  first  by  Canadian 
aircraw,  and  than  by  thair  British 
countarMrts  in  tha  latar  stagas  of 
tha  conflict.  Tha  systaaa  usad  by 
thasa  forcas  ara  dascribad,  with  an 
account  of  thair  physical  and  tharaal 
charactaristics,  and  an  account  of 
thair  parfomanca  in  tha  fiald. 

Vary  racant  davalopsMnts  in 
alactrically  powarad  cooX ’ ng  units  for 
microcliaata  usa  ara  alsc  dascribad. 
Thasa  naw  davicas  offar  vary  raal 
advantagas  in  tarma  of  powar  and  spaca 
consumption.  Tha  impact  thay  will  hava 
on  air  OMrations  in  axtrama  haat  is 
discussad. 


2.  aui.p  MAX  STIIOILAXBB  OBVELOPUBKE 

Tha  potantial  banafits  of  act iva 
cooling  systams,  somatimas  cal lad 
"microcliaiata  systams",  for  dafanca 
applications  has  baan  known  for  soma 
tlma  now,  at  laast  sinca  tha  1960's. 
Although  tha  principlas  of  such 
systems  hava  ramainad  basically  tha 
sama  ovar  tha  last  thraa  decades, 
there  hava  baan  racant  improvements  in 
tha  design  details  of  active  thermal 
cooling  systams.  These  advances  ware 
stimulated  not  by  any  final 
realization  that  active  cooling  can 
extend  the  parfonnanca  of  defence 
personnel,  but  by  tha  physical  threat 
of  actually  having  to  face  chemical 
weapons  in  desert  conditions  during 
tha  Gulf  war.  Chemical  protective 
clothing  impedes  natural  body  cooling, 
and  in  40C  to  50c  heat,  aircrew  would 
last  no  longer  than  ona  hour  before 
becoming  physically  unable  to  fly,  no 
matter  how  tough  they  were. 


3.  FIRST  COMBAT  08B 

In  the  summer  of  1990,  tha  crew  of 
Canada's  423  Squadron,  flying 
shipborne  Sea  King  helicopters,  became 
the  first  air  craw  to  use  active 
personal  cooling  systems  in  combat. 

Tha  urgency  of  tha  situation  left  no 
time  to  carry  out  extensive 
modifications  to  aircraft.  Any 


microclimate  systam  had  to  hava  vary 
little  or  no  impact  on  tha  aircraft 
itself.  Thera  wasn't  time  for  much 
equipment  davalopmant  aithar. 

Hhatavar  was  applied  had  to  be 
available  and  effective.  Existing 
aircraft  electrical  systems  could 
provide  only  limited  potNir  and  the 
available  space  was  also  tight.  Given 
restrictions  of  time,  power, 
volume,  and  comMtibillty  with 
existing  aircraft  and  flight 
clothing,  there  was  only  one  feasible 
system.  Liquid-circulating  heat 
transfer  garments  ara  easy  to 
integrate  with  other  clothing.  Ice- 
based  microclisiate  systems  require 
minimal  external  powar,  none  if  thair 
pumps  ara  powered  by  battery,  and 
their  voluM  and  Might  are 
competitive  with  other  systams  for 
missions  up  to  about  four  hours.  Ice 
supply  had  been  considered  to  be  tha 
drawback  which  prevented  the  fielding 
of  such  systems,  but  tha  Canadian 
helicopter  craws  ware  to  fly  from 
ships,  and  tha  ships'  freezers  could 
provide  tha  ice  needed.  Tha  Canadians 
opted  for  ica-basad,  liquid- 
circulating  microcliaata  systams. 

Figure  1  whows  tha  system  first 
daployad  by  tha  Canadian  Forcas. 

There  are  four  basic  parts,  a  heat 
transfer  garment  to  rasmve  metabolic 
heat,  a  passthrough  assembly  to 
penetrate  tha  chsmical  garment  (not 
shown),  a  tether  to  carry  tha  coolant 
to  and  from  tha  user,  and  a  "cooling 
unit"  to  chill  and  circulate  tha 
coolant.  Tha  haat  transfer  garment  is 
a  long-sleeved  shirt,  not  a  vast,  and 
it  differs  from  prior  art  in  a  number 
of  ways.  The  tubing  is  ratainad  by 
continuous  zig-zag  stitching,  tying 
it  firmly  to  a  stretch  knit  NOMXX 
fire-resistant  fabric.  Knit  fabrics 
tend  to  shrink  in  the  vertical 
direction  when  they  are  stretched 
horizontally.  To  allow  for  this 
movsmsnt,  the  tubing  is  applied  in  a 
sinusoidal  pattern,  a  detail  which 
results  in  a  close  fit  to  the  user 
when  the  garment  is  stretched.  An 
unusual  feature  is  that  there  is  no 
inner  layer  of  fabric,  rather  the 
tubing  rests  directly  against  the 
skin  to  enhance  the  haat  transfer. 

Tha  shirt  is  thus  not  an  additional 
layer  to  be  worn,  but  rather  takas 
tha  place  of  existing  underwear. 

These  shirts  wars  designed  for 
opars".r5n  with  ica-basad  cooling 
unit  <  which  can  provide  vary  cold 
coolant,  from  2  C  to  10  C.  Going 
against  tha  accepted  wisdom  that 
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coolant  coldar  than  about  15  C  results 
In  local  vasoconstriction  and 
disconfort,  the  design  takes  advantage 
of  the  lower  temperature  coolant  and 
the  elimination  of  an  inner  fabric 
layer  to  reduce  the  amount  and  sise  of 
the  tubing.  The  result  is  a 
particularly  flexible  and  thin  design. 
Figure  2  shows  the  typical  gross  heat 
transfer  rate  for  this  type  of 
garment,  as  a  function  of  average 
coolant  temperature.  The  cooling  rate 
which  was  achieved  in  actual  use  by 
the  Canadians  has  been  estimated  at 
180  Watts,  based  on  tests  at  Exotemp 
Systems  and  at  the  Institute  of 
Aviation  Medicine  in  Farnborough. 

(Ref.  1) 

The  passthrough  relied  on  an  opening 
in  the  charcoal-impregnated  suit  and  a 
small  sleeve  in  the  liquid  repellent 
overalls  to  prevent  the  ingress  of 
chemicals.  Quick-disconnect  fittings 
outside  and  inside  of  the  chemical 
garment  allowed  the  crewmembers  to 
disconnect  from  the  cooling  tether  on 
one  side,  and  the  chemical  overalls  on 
the  other. 

The  tether  in  the  first  Canadian 
systems  was  assembled  from  uninsulated 
plasticised  polyvinyl  chloride  tubing, 
and  connectors  compatible  with  those 
on  the  passthrough  and  cooling  unit. 

The  first  cooling  units  were  adapted 
from  a  unit  developed  for  bomb 
disposal  technicians,  since  it  was  a 
particularly  compact  design.  Figure  3 
shows  this  first  unit.  The  coolant  is 
straight  water,  and  there  is  no  heat 
exchanger.  The  warm  return  water 
contacts  the  ice  itself  to  be  chilled. 
The  two  litre  polyethylene  ice 
container  was  designed  to  accept  cubed 
ice,  but  it  was  discovered  in  the 
field  that  it  could  be  frozen  solid  if 
placed  in  the  freezer  at  an  angle  to 
avoid  the  connectors  mounted  on  the 
bottle.  Even  with  this  technique,  the 
endurance  of  this  container  was  rather 
limited,  reportedly  about  30  minutes 
in  the  field.  Spare  bottles  were 
carried  in  flight  and  changed 
according  to  a  predetermined  schedule. 
(Ref. 2) 

The  method  of  control  for  the  system 
also  departed  from  the  previously 
accepted  norm.  Rather  than  adjusting 
the  coolant  temperature,  the  cooling 
rate  was  adjusted  by  varying  the  flow 
of  coolant  through  an  electronic  pump 
speed  controller. 


4.  CANADIAN  RESULTS 

In  spite  of  the  somewhat  elementary 
nature  of  these  first  systems,  the 
results  in  actual  use  were  impressive. 
Canadian  aircrew  were  able  to  fly  two 
hour  missions  in  full  chemical 
protective  gear,  in  46  C  ambient 
conditions  (SO  C  to  60  C  inside  the 
aircraft).  To  record  first  hand 


impressions  of  the  system's  actual 
performance,  the  author  interviewed 
Captain  Greg  Leis  and  Master  Corporal 
Wayne  Moran  of  423  Squadron,  tvo  of 
the  men  who  used  the  system  in 
flights  from  the  Athabaskan,  a  280 
class  destroyer. 

Each  Sea  King  helicopter  had  a  crew 
of  four,  and  cooling  systems  were 
used  whenever  chemical  garments  were 
worn.  When  chemical  gear  was  not 
required,  the  cooling  systems  were 
saved  for  higher  ambient 
temperatures.  The  estimated  operating 
time  on  each  system  was  about  40 
hours.  Approximately  24  systems  were 
put  into  use.  There  were  no  problems 
with  skin  irritation  or  other 
physiological  effects.  Both  men  noted 
that  the  cooling  was  enough  to  get 
the  job  done,  and  it  was  very  much 
welcomed  by  the  crews,  but  it  was  by 
no  means  excessive.  Both  would  have 
used  the  interconnecting  heat 
transfer  pants  had  they  been 
available  to  them.  Sweating  was  still 
profuse  at  the  level  of  cooling  being 
provided.  The  two  men's  comments  with 
respect  to  the  schedule  for  changing 
ice  were  illuminating.  The  30  minute 
cycle  provided  about  15  minutes  of 
impressive  cooling,  starting  with  a 
wave  of  cooling  that  they  could  feel 
sweep  over  the  body  as  the  cold  water 
entered  the  system.  The  performance 
faded  towards  the  end  of  the  cycle, 
leaving  the  aircrew  to  urge  on  the 
clock  as  30  minutes  approached.  (This 
relatively  short  endurance  was 
considerably  improved  with  the 
systems  used  later  by  the  British, 
for  a  number  of  reasons. ) 

The  Canadians  encountered  little 
difficulty  in  providing  ice.  A  meat 
locker  in  the  ship's  freezer  was  used 
at  first.  Later  on,  a  large  domestic 
type  freezer  was  located  in  the 
maxntainer's  space  for  this  use. 

Figures  4  and  5  show  results  from  a 
Canadian  Forces  Field  Trial 
Questionnaire  on  the  thermal  comfort 
of  the  Chemical  Defence  Individual 
Protective  Equipment  (CD  I PE)  worn  by 
flight  crews  of  a  number  of  aircraft 
in  preparation  for  and  during  the 
Gulf  conflict.  (Ref.  3)  Displeasure 
with  the  CD  IPE  alone  is  evident  in 
Figure  4,  and  one  can  see  the 
improvement  with  active  cooling  for 
Sea  King  pilots  in  Figure  5. 


5.  ROYAL  NAVY  AND  ARMY  EXPERIENCE 

Following  the  successful  Canadian 
experience,  the  UK  Ministry  of 
Defence  acquired  a  larger  number  of 
Exotemp  microclimate  systems.  These 
incorporated  some  significant 
advances  in  the  state  of  the  art, 
including  one  major  innovation  which 
made  operation  from  land  bases 
practical. 

Figure  6  shows  the  flying  parts  of 
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th«  systMi  auppllcd  to  th*  UK.  Tha 
cooling  unit  was  radasignad  to  aiiow 
oparatlon  on  aithar  aircraft  povrar  or 
on  a  siida-in  rachargaabia  battary. 

Tha  cooilng  unit's  thannai  insuiation 
was  laprovad,  and  tha  ica  containar 
was  radasignad  to  aiiow  it  to  hoid 
mora  ica  in  tha  sama  2  iitra  voiuma 
whan  frosan  soiid.  Tha  tathar  was 
insuiatad  with  a  foam  naoprana 
axtrusion,  and  tha  tathar  cooiant 
iinas  wara  mada  of  butyi  for  anhancad 
chamicai  rasistanca.  Tha  garmant  was 
much  tha  sama,  axcapt  tha  cooiant 
antranca  and  ax it  wara  iocatad  on  tha 
chaat,  instsad  of  at  tha  sida  of  tha 
waist.  Thesa  improvaments  resuitad  in 
an  incraasad  anduranca  to  60  minutaa 
par  ica  bottia.  Tha  most  important 
advanca  made  however,  concerned  tha 
means  of  providing  ice. 

The  UK  aircrews  were  to  operate  from 
hastiiy  astabiishad  land  bases,  not 
ships.  There  would  be  no  guarantee  of 
electrical  power,  and  it  would  be 
important  to  be  able  to  aet  any 
support  equipment  into  place  quickly 
by  air  or  ground.  Figures  7  and  8  show 
the  solution  chosen,  the  first  mobile 
refrigeration  systems  (MRS)  for 
microclimate  use.  Developed, 
manufactured,  tested  and  shipped 
within  10  weeks,  the  MRS  effectively 
removed  the  logistical  impedimenta  to 
using  ice-based  microclimate  systems 
in  the  field.  As  a  rule  of  thumb,  each 
MRS  is  capable  of  supporting 
continuous  cooling  for  20  aircrew 
flying  8  hours  per  day. 

Deployed  by  British  forces  in 
Operation  Provide  Comfort  in  northern 
Iraq  and  Turkey,  these  diesel-powered 
units  proved  ^ite  successful.  They 
are  capable  of  freezing  an  entire  load 
of  165  two  litre  ice  bottles  within  24 
hours  while  in  an  ^unbient  temperature 
of  50  C.  There  is  also  a  temperature- 
controlled  battery  charging 
compartment  which  charges  24  batteries 
for  cooling  units  in  one  hour. 

Ease  of  transport  was  a  key  factor  in 
the  design  of  the  MRS.  Six  will  fit 
into  a  Hercules,  two  into  a  Chinook. 

As  part  of  some  quick  trials  before 
being  deployed,  one  was  transported  by 
helicopter  as  an  underslung  load,  and 
was  reported  to  be  quite  stable  when 
carried  this  way.  They  were  designed 
with  good  ground  clearance,  an 
adjustable  hitch,  automatic  surge 
brakes,  and  low  ground  pressure  to 
make  them  suitable  for  towing  behind  a 
variety  of  ground  vehicles,  both  off¬ 
road  and  at  highway  speed.  Their 
towing  performance  was  confirmed 
during  a  28  hour  road  trip  behind  a 
four  ton  truck.  They  were  found  to  be 
"very  stable  despite  some  very  rough 
road  surfaces".  (Ref.  4) 


6.  CUSUHT  BPPORT*  TO  BZTBIIO  TRB 
BTAZB  OP  TU  AKT 

Ice-based  systems  offer  important 
advantages  in  terms  of  versatility, 
portability,  and  ease  of  application. 
However  a  system  which  uses  an 
electrically-driven,  vehicle-mounted 
cooling  unit  would  offer  certain 
logistical  advantages.  Interest  in 
such  designs  remains  high,  and  there 
are  at  least  two  initiatives  now 
underway  which  promise  to  make  this 
type  of  system  practical. 

Casey  Copter  of  Montreal  is  working 
on  a  microclimate  cooling  unit  which 
usee  components  similar  to  those 
found  on  existing  aircraft  vapour 
compression  air  conditioning  systems. 
The  compressor  will  be  a  standard 
commercial  hermetic  design,  with  the 
motor  modified  to  28  VDC.  The 
projected  performance  is  630  Watts 
total  cooling  at  49  C  ambient,  and  18 
C  coolant  delivery  temperature, 
perhaps  enough  for  a  crew  of  four. 

The  design  weight  is  20.5  kg,  and  the 
expected  volume  is  27  litres.  Power 
consumption  is  projected  to  be  22 
Amperes  of  28  Volt  DC  power. 

Figure  9  shows  another  new  personal 
cooling  system  undergoing  thermal 
mannequin  testing  in  March  of  this 
year.  This  equipment  is  being 
developed  under  a  US  Army  Natick 
Research,  Development  and  Engineering 
Laboratory  programme.  The  specific 
application  for  the  programme  is 
chemical  handling,  a  dismounted 
soldier  application,  but  the  hardware 
which  has  been  developed  is  quite 
close  to  that  which  would  be  needed 
for  use  aJsoard  military  vehicles, 
including  aircraft.  The  project  has 
resulted  in  some  important  advances 
in  the  state  of  the  art. 

The  performance  of  heat-pumping 
cooling  units,  like  those  which  use 
vapour  compression  refrigeration,  in 
contrast  to  heat-absorbing  cooling 
units,  like  those  which  use  ice, 
depends  heavily  on  the  difference 
between  the  temperature  of  the 
coolant  being  delivered,  and  the 
ambient  temperature  into  which  heat 
is  pumped.  In  an  electric  system, 
power  consumption  and  size  are 
usually  critical.  Other  factors  being 
equal,  the  power  consumption  of 
electrically-powered  cooling  units  is 
reduced  if  coolant  can  be  used  at  a 
higher  temperature. 

In  designing  an  ice-based  system,  one 
can  make  use  of  coolant  at  close  to 
freezing  temperatures  without  any 
penalty.  However  garments  for 
electrically-powered  systems  must  be 
able  to  extract  the  required  heat 
from  the  user  with  a  coolant 
temperature  somewhat  closer  to  skin 
temperature.  An  efficient 
electrically-powered  system  will  use 
garments  with  higher  thermal 
performance,  incorporating  more 
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tubing  nnd  highar  flow  rntas  to  affact 
tha  raguirad  cooling.  Tha  suit 
davalopad  for  tha  naw  vapour 
coamraasion  systaa  is  ratad  at  300 
Watts  nat  (375  Watts  gross)  hast 
raa»val  with  coolant  at  18  C. 

It  is  worth  noting  that  such  highar 
parforaanca  gansants  will  also  work 
whan  connactad  to  ica-basad  cooling 
units.  In  fact  thay  will  work 
axcaptionally  Mil,  but  such 
parfonsanca  la  not  usually  naadad  and 
parhaps  not  avan  dasirabla  with  ica- 
basad  cooling. 

Tha  vapour  coaprassion  cooling  unit 
baing  usad  in  Figura  9  is  quita 
ranarkabla.  Capabla  of  providing  37S 
Watts  of  cooling  with  tha  garmentry 
daacribad  abova  in  a  35  C  ambient,  it 
maasuras  only  170  mm  X  170  mm  X  280 
am,  and  weighs  just  5  kg.  Tha  unit  has 
been  designed  for,  and  has  bean  tested 
with  R134A  refrigerant.  The  power 
consumption  is  150  Watts  at  24  volts. 
The  projected  power  consumption  for 
300  Watts  of  cooling  at  50  C  is  225 
Watts.  These  specifications  represent 
a  significant  overall  advance  In 
vapour  compression  type  cooling  units 
for  microclimate  systems. 


7.  IMPACT  OH  rVTUtaS  AIR  OPBRATIOMS  IN 
EXTREME  BEAT 

The  Gulf  war  experience  showed 
conclusively  that  the  use  of  liquid- 
circulating  microclimate  systems  can 
restore  tha  effactiveness  of  air  crew 
operating  under  hot  desert  chemical 
warfare  conditions.  With  a 
transportable  microclimate  support 
unit,  like  tha  HRS,  effective  Ice- 
based  personal  cooling  can  be  easily 
extended  not  only  to  aircrew  flying  in 
unmodified  aircraft,  but  just  as 
importantly,  to  portable  applications 
for  support  personnel  on  the  ground. 

Recent  developments  in  vapour 
compression  cooling  units  designed 
especially  for  microclimate  use 
suggest  that  with  a  single  unit  of 
about  8  litres  volume  and  5  kg  weight, 
it  will  be  possible  to  prevent  heat 
stress  in  hot  desert  conditions  for 
two  air  crewmembers  dressed  in 
chemical  garments,  with  a  power  demand 
of  8  Amperes  of  28  Volt  power.  Aboard 
many  existing  helicopters,  finding  16 
Amps  of  spare  current  and  16  litres  of 
space  to  look  after  a  crew  of  fou'  is 
not  out  of  the  question,  and  there  are 
many  other  military  aircraft  and 
round  vehicles  which  could  benefit 
rom  this  new  hardware.  Such 
electrically-powered  systems  will  be 
preferred  whenever  practical  aboard 
most  aircraft  and  ground  vehicles. 

With  the  advent  of  these  smaller 
vapour  compression  cooling  units, 
attempts  to  use  thermoelectric 
technology  for  personal  cooling  will 
be  largely  eU>andoned,  because  of  the 
much  higher  power  consumption  with 
thermoelectrics . 


Ice  and  electrically-powered  cooling 
units,  heat  transfer  garments,  and 
other  hardware  such  as  the  MRS 
freeser  trailer  can  easily  be  made 
intercompatible.  By  integrating  such 
components  into  a  chemical  protective 
system  designed  for  the  air  unit,  it 
is  now  practical  to  maintain  the 
effectiveness  of  air  operations  under 
extreowly  hot  CW  conditions. 

Personnel  working  within  such  a 
system  may  find  themselves  connecting 
to  different  cooling  units,  and 
donning  various  interconnecting  heat 
transfer  garments,  depending  on  the 
task  to  be  done  and  the  heat  load 
expected. 
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HEAT  ABSORBED  (WATTS) 


Figure  1  -  The  First  Microclimate  System  to  be  Used  in  Combat. 


AVERAGE  COOLANT  TEMPERATURE  (  C) 

Figure  2  -  The  heat  transfer  performance  of  standard  Exotemp  heat  transfer 
garments.  Shown  here  are  typical  results  for  a  complete  suit, 
shirt,  pants,  and  hood.  A  shirt  alone  will  achieve  about  60%  of  the 
performance  shown. 
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Tisr  OF  A  NEM/ PIOrnrnON  SIJIT  IN  A  CLlMAnC  CHAMB^ 
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aUMMABY 

Within  the  franwwork  of  tht.'  research  and  Ux'hnolugy  pro¬ 
gramme,  a  whole-body  pniUction  !iuit  with  integrated  helmet 
haa  been  developed  by  the  Uumier  ('ompany  The  themio- 
physiological  capabilities  of  this  suit  were  tested  by  UivisioD  IV  • 
Krgunomics  •  of  the  Cjerman  Air  Force  Institute  of  AviatioD 
Medicine  Ambient  temperatures  higher  than  those  normally  to 
be  expected  m  the  cockpit  were  diosen  intentionally.  In  spite  uf 
this  fact,  pulse  rates  remained  below  the  limiting  value  and  the 
average  rise  in  core  temperature  was  insignilKant.  Loss  of 
weight  through  sweating  amounted  to  approximately  1  of 
body  weight.  It  proved  possible  to  remt>ve  82  ^  of  this  sweat  by 
means  of  ventilation. 

Based  on  the  results  uf  the  questionnaires  on  subjective 
sensibility,  no  prejudice  to  well-being  and  no  negative  effects  in 
respect  of  the  capability  to  act  were  established  with  regard  to 
the  testing  of  the  whole-body  protection  suit  under  labunitory 
conditions. 

1  INTRODUCTION 

ITie  thermal  load  of  jet  crews  ha.s  fur  a  long  time  posed  a  serious 
problem  As  early  as  lfM5,  Wing  demonstrated  the  decline  in 
mental  performance  in  an  excessively  hot  environment  At  the 
same  time.  Taliaferro  demonstrated  that,  in  such  an 
envininment.  the  tolerance  of  ♦(iz  acceleration  decreases  owing 
to  dehydration.  Both  forms  of  impairment  could  be  avoided,  or 
at  least  reduced,  by  means  uf  appropriate  air.conditioning. 
Recently  published  tests  show  that  the  creation  of  a 
micniclimate  around  the  pilot  hinvself  would  be  preferable  to 
air-conditioning  of  the  whole  cockpit  for  reasons  of  weight  and 
energy-saving.  Next-to  he-body  micro  air-conditioning  can  be 
achieved  with  appropriately  designed  exposure  clothing  and 
accompanying  aggregates.  Heat  exchange  in  such  exposure 
clothing  takes  place  by  means  of  a  liquid  or  gas  transport 
medium. 


Figure  1 :  Whole-Body  Kxposure  Suit 


lyie  {XiiTuer  Company,  now  a  member  of  DASA.  has  developed  a 
whole-body  exposure  suit  in  accordance  with  these 
ounsideratkins.  In  this  whole-body  exposure  suit,  a  rmcro- 
climate  is  activated  by  means  of  air  flow.  It  is  intended  that  the 
exposure  suit  on  hand  should  provide  anti-g  as  well  as  NBC 
protection  in  the  final  development  phase 

'nar  whole-body  exposure  suit  is  designed  to  reduce  the  number 
and  weight  of  exposure  clothing  parts.  Ihe  presentation  will 
show  the  whole-body  exposure  suit  in  detail  together  with  the 
results  of  the  tests  performed  in  the  climatic  chamber  The 
whole-body  exposure  suit  consists  of  the  suit  itself  and  a  helmet. 
The  suit  with  its  attached  socks  covers  the  whole  body  The 
sleeve  ends  and  the  neck  band  are  sealed  with  rubber  collars. 
The  ventilation  air  tube  enters  the  suit  on  the  left.  The  waste 
air  outlets  are  at  the  sleeve  ends  The  suit  mcludes  a  removable 
inner  suit  Whereas  the  inner  suit  is  made  from  fabric  providing 
water  vapour  permeability,  waterproof  fabric  is  used  for  the 
outer  Suit- 


Figure  3;  Hoses  for  iieg  Ventilation 


Presented  at  an  ACARD  Meeting  on  ‘The  Support  of  Air  Operations  under  Extreme  Hot  and  Cold  Weather  Conditions',  May  1993. 
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Ventilatioii  air  lead  huaea  fead  down  the  inaide  of  each  leg  and 
aupply  the  air  to  tiw  euit  at  the  inner  calf.  Ihe  cunditiuned  air 
then  Ifcara  up  around  the  le^t,  aniund  the  tmnk  and  finally 
along  the  anna,  to  leave  the  auit  at  the  enda  of  the  aleevea.  The 
back  of  the  auit  ia  cuahioned  ftom  the  shoulder  to  the  baae  of  the 
thigh.  Thia  cuahioning  enauiva  (hat  the  seat  contact  area  ia 
continuously  ventilated  when  the  pikn  ia  sitting. 


Figure  4:  Integrated  Helmet  System  with 
Inflatable  Sealing 

The  helmet  is  designed  as  an  integral  helmet.  The  helmet 
opening  is  sealed  with  an  inflatable  rulber  collar,  thus  creating 
a  closed  helmet  interior.  Respiratory  air  is  fed  in  at  the  upper 
part  of  the  helmet  and  flows  via  the  double-layered  shell  of  the 
helmet  to  the  upper  edge  of  the  visor,  from  where  it  flows  down 
the  visor  to  the  lower  helmet  edge.  Due  to  the  appropriate 
volumetric  flow  through  the  helmet  and  the  space  available 
behind  the  visor,  the  pilot  is  provided  with  sufficient  tidal 
volume.  The  helmet  is  connected  to  the  suit  with  an  NBC 
protective  covering. 

Like  the  suit,  the  gloves  also  oonsist  of  an  inner  and  an  outer 
glove  In  order  to  avoid  any  disturbing  factors,  all  necessary 
glove  seams  are  on  the  badi  of  the  fingers  and  the  tips  of  the 
outer  gloves  are  made  of  rubber. 


Step 

Time  (min) 

Activity 

1 

6 

Rest 

2. 

10 

^wsttonnairea 

i. 

5 

Rest 

4. 

10 

FAUU  Teat 

6 

5 

(hmstionnaiies 

6. 

6 

Rest 

7 

10 

Bicycle  ergometer 

8. 

5 

Questionnaires 

9 

6 

Rest 

10 

10 

PAUU  Test 

11 

5 

Questionnaires 

12. 

6 

Rest 

13. 

lU 

Baycle  ergometer 

14. 

5 

Questionnaires 

15. 

5 

Rest 

16 

10 

PAUU  Test 

17 

5 

Questioimaires 

18 

5 

Rest 

19 

5 

CtKiPER/HARPER 

Table  2;  Climatic  Chamber  Test  Program 

He  was  mibjected  to  a  physical  work  load  of  1  Watt  per  kg  body 
mass  by  means  of  the  bicycle  ergometer,  and  to  a  mental  work 
load  by  means  of  calculation  tests  and  questionnaires  about  his 
general  ^ling  of  thermal  well-being.  The  test  person  was  able 
to  relax  between  the  different  woiking  phases 

A  modified  Martin  Baker  ejection  seat  was  used  as  the  test  per¬ 
son's  seat  and  the  test  person  was  strapped  into  it.  The  bicycle 
eigometer  was  placed  m  front  of  this  ejection  seat.  On  top  of 
this  ergometer  was  a  writing  board  with  a  test  calculator  and 
the  questionnaires  for  the  paper  and  pencil  tests. 


2  METHOD 

In  order  to  test  the  whole-body  exposure  suit  under  realistic 
conditions,  a  sequence  of  tests  was  conducted  in  a  climatic 
chamber.  These  tests  were  designed  to  prove  that  a  harmful 
ambient  climate  can  be  endured  in  the  suit  over  an  exposure 
time  of  2  hours.  All  climatic  parameteia  of  the  tests  are  shown 
at  Table  1 . 


Air  temperature:  >SO°C  ±2°r  Hehngt; 

Air  temperature:  +30"C  tS'C 

Relative  humidity:  20  -  30  ^  Ventilation:  120  l/min  ±201/min 
Dewpoint:  -10“C 


Wind  speed:  1  m/s 


Table  1 :  Climatic  Parameters 


Suit; 

Air  temperature:  +25‘'C  ±5°C 
Ventilation:  220  l/min  ±.30l/min 
Dewpoint:  -  10°C 


The  tests  were  performed  on  1 1  healthy  male  pilots  aged 
between  21  and  46  years.  During  his  2-hour  stay  in  the 
chamber,  the  test  person  had  to  perform  several  tasks. 


Figure  6:  Test  Facility 


Fijfuiv  K  ('onlnil  Area 

Ip  acc‘»rdancv  with  i»ur  t>bj^vtivi.*s.  the  fv'lluwin^  enWna  werv 
used  u>  fvaluaU'  the  susiainahilii>  “f  the  suit  in  a  raised 
ambient  climate 

1  Heart  rale 

2  Skin  temperature  and  et)re  temperature 

S  Uiss  v^eighl 

4  Suhjtvli'.e  evaluation 

I'he  cnU‘na  defined  for  abandoninK  an  individual  tnal  were  as 

f<lll<*WS, 

•  patlvilojocal  F('(i 

•  cardiac  arr>lhmia 

•  pulse  rate  increase's  Ui  min'*  minas  ajje 

•  increase  of  core  temperature  above  :i8  ?>  ('  for  15  min 
or  single  increase  above  149  (' 

•  break-ofr  at  the  request  of  the  test  person 


Figure  7:  Average  Heart  Rale 

I’he  average  heart  rate  is  sh<iwn  in  Figure  7,  I’he  bars  represent 
mean  values  and  the  extended  brackets  sh<»w  the  standard  de¬ 
viation  Kach  bar  contains  the  values  a'ti»rded  at  5  minute  in¬ 
tervals. 

I’he  heart  rale  increased  during  the  test  period  of  2  hours  on 
average  from  beats  per  min  at  test  begin  to  101  bpm  at  test 
end  Krgi»nneter  loading  increased  the  heart  rate  on  average  to  a 
value  of  145  bpm,  as  had  been  expected,  f’omparison  of  the  av¬ 
erage  heart  rale  of  94  hpm  recorded  immediately  before  the  test 
with  an  average  rate  of  78  bpm  measured  at  rest  the  day  befor  , 
demonstrated  that  the  45  minute  dressing  pnicedure  had  tng- 
gered  both  a  physical  and  psych(»iogical  pre-lesl  ivaction.  ('om- 
panson  with  the  heart  rale  rec-orded  at  the  end  of  the  test 
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Figure  8  Mean  Rectal  Tempi  ratufv 


A  slight  umdenlial  increaM*  m  rectal  Umperaluii's  was  recorded 
up  to  the  first  ergomeler  loading  a>  shown  m  Figure  h  Rcvtal 
temperatures  increaised  dunng  ergomeler  li>aci]ng  and  rx'ached 
their  highest  levels  during  the  5  nninute  period  foll<»wing 
ergomeler  loading  Thereafter,  a  slight  decrease  in  rectal  tem¬ 
perature  was  rc*a»rded  at  the  end  of  every  5  minute  interval 
I’he  average  increase  in  avtal  tempt  ralun  retarded  in  all  tests 
was  0.2  <’ 

r  DIFFERQ^CE  EETWEBN  RECTi^  | 

AND  MEAN  SKIN  TlMPERATtJEE  I 


?  s  Rea  0  -  Ou0«bgnf<«i* e  ^  i«r>i  C;**  - 


Figure*  9  Diffeix-nce  Hetwtvn  Mean  Rectal  and  Mean 
Skin  Temperature 

The  mean  skin  temperalurc  was  delennined  fn>m  the  skin  tem¬ 
peratures  measuri'd  using  the  Rainanalhan  formula,  shown  in 
Figure  9.  as  a  light  bar  'I’he  stvmingiy  un.sleady  behaviour  of 
the  average  skin  leniperature  is  explained  by  the  fact  that  fi»l- 
lowing  each  ergi>meler  loading,  a  slight  nse  in  skin  leniperature 
IS  succeeded  by  a  distinct  fall  Hie  average  .skin  temperature  n.*- 
corded  at  lest  end  was  some  0  2  t<i  0.4  ('  bel<iw  the  temperature 
rec»>rded  at  lest  begin  Since  the  average  rectal  temperature* 
increased  slightly  dunng  the  same  period  -  shown  in  Figure  9  as 
a  dark  bar  -  the  difference  Kiween  actal  and  average  skin 
tempc'rature  n>se  fn>m  just  under  1  ('  at  test  begin  tr)  appn^x 
1.5  (’at  test  end. 

As  the  lest  person  was  weighed  nude,  dressc'd  in  underwear, 
and  with  all  his  equipment  befon.*  and  after  the  lime  spemt  in 
the  climatic  chamIxT,  it  was  possible  to  calculate  the  loss  of 
weight  through  sweat  and  evaporation  On  average.  I2ti  g  of 
sweat  wen*  abs<»rbed  by  the  underwear.  50  g  by  the  whole-body 
exposure  suit  and  8l0  g  were  lost  to  waste  air.  Hus  nx-ans  that, 
on  average,  each  test  person  lost  I  t)f  his  l»dy  weight  Rased 
on  the  (Vaig  index,  which  is  calculated  frim  the  perspiration 
rate  per  hour  together  with  the  changes  in  rc'ctal 
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temperature  and  heart  rate,  the  load  experienced  during  the 
time  the  test  person  stayed  m  the  increased  ambient  climate  can 
be  dasaifWd  as  moderate.  The  \%  kiss  of  sweat  also  remained 
below  the  value  of  2%.  for  which  Taliaferro  established  a  limited 
-rUz  acceleration  tolerance  in  his  tests. 

The  following  Figure  shows  the  degree  of  subjective  sensibility 
(1  low  7  s  high)  recorded  in  respect  of  varimis  categones  (y- 
axis)  and  in  all  test  phases  (x-axis).  It  can  be  seen  that  the 
sensation  of  thirst  (black  columns)  and  sweating  (grey  columns) 


increased  in  the  course  of  the  tests,  the  values  recorded  levelbng 
(Ml  at  an  average  of  4  points,  which  is  in  the  uncntical  (safe) 
range.  Sensibility  to  cold  (white  columns)  was  below  average 
( low)  throughout  the  test  period. 

The  subjective  sensibility  described  of  three  categories  above 
represent  intrinsical  components  of  the  all-embracing  category 
"general  well-beii^"  (diagonally-lined  oohimns),  which  was  well 
above  average  prior  to  test  begin,  decreasing  only  insigmficanlly 
in  the  course  of  the  tests  to  level  out  at  average  at  test  end. 

Both  the  subjectively  expenenced  ability  to  concentrate 
(vertically-lined  columns)  as  well  as  physical  stress  capacity 
(horizontally-lined  columns)  were  only  insignificantly  affecled 
by  the  duties  performed  while  weanng  the  whole-body  protec¬ 
tion  suit  over  a  period  of  1 2U  minutes  The  ratings  varied  be¬ 
tween  7  and  5  pomts.  and  must  he  seen  as  higher  than  average 

To  summarise,  it  can  be  said  that,  based  on  the-  results  of  the 
questionnaires  on  subjective  sensibility,  no  preju^'ice  to  well¬ 
being  and  no  negative  effects  in  respect  of  the  caps-  ihty  to  act 
were  established  with  regard  to  the  testing  of  the  whole-body 
protection  suit  under  laboratory  conditions 


4  CONCLUSIONS 

The  whole-body  exposure  suit  currently  in  development  is 
capable  of  protecting  pilots  from  harmful  ambient  conditions  fur 
a  period  of  up  to  at  least  2  hours.  Due  to  the  efficient  air  cooling 
provided  by  the  whole-body  exposure  suit,  the  increase  in 
physiological  reaction  of  the  test  persons  during  their  stay  in  the 
chamber  was  relatively  small.  No  test  person  requested  test 
abandonment  for  thermal  reasons.  All  test  persons  thouf^l  that 
the  air  flow  in  the  suit  and  helmet  was  very  pleasant,  and  this 
fact  is  also  supported  by  the  psychological  test  results.  Based  on 
this  results  continuation  of  the  development  of  this  innovative 
suit-helmet  concept  is  considered  to  be  justified. 
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Tba  affects  of  microclimate  cooling 
on  aviator  parforaianca  and  physiology 
in  Nuclear,  Biological,  and  Chemical 
(NBC)  Individual  Protective  Equipment 
(IPS)  were  evaluated  in  the  USAARL 
UH-60  research  flight  simulator. 
Sixteen  male  aviators  flaw  the 
simulator  in  two  temperature 
conditions,  IS^C  and  41°C,  both  at 
50%  relative  humidity  (RH).  Two 
thermoelectric  conditioning  units 
were  used,  one  providing  cooled  blown 
air,  the  other  cooled  water  to  the 
aviators.  At  each  temperature  they 
flew  for  up  to  six  hours  in  NBC  IPB 
with  no  cooling,  air  cooling,  and 
liquid  cooling. 

There  v<ere  significant  improvements 
in  flight  performance  as  a  result  of 
the  cooling,  more  so  at  the  higher 
temperature.  There  were  also 
differences  between  the  two  cooling 
systems  at  Al^C,  with  the  air  system 
producing  statistically  significant 
lovier  flight  error  rates.  Survival 
time  wan  based  on  the  length  of  time 
each  subject  stayed  in  the  condition 
before  reaching  physiological 
withdrawal  criteria  or  exercising 
their  option  to  retire  early.  There 
were  considerable  increases  in 
survival  time  with  the  use  of 
microclimate  cooling.  The  mean 
survival  time  at  35”c  was  increased 
from  285  minutes  without  cooling  to 
358  minutes  with  the  liquid  system. 

At  41°C  the  improvement  was  even  more 
dramatic,  from  79  minutes  with  no 
cooling  to  333  minutes  for  the  air 
system.  There  were  significant 
differences  between  the  t%ro  cooling 
systems  at  4l'’c  with  the  air  system 
producing  longer  survival  times. 
Rectal  temperature,  mean  skin 
temperature,  and  heart  rate  were 
monitored  and  showed  significant 
Improvement  with  both  conditioning 
systems  compared  with  the  no  cooling 
conditions.  The  liquid  system 
produced  the  most  benefit. 

Dehydration  occurred  in  all 
conditions,  but  was  significantly 
reduced  by  the  use  of  cooling. 

INTRODPCTICTI 

United  States  Army  doctrine  for  the 


intog^aiou  uatilof ield  (AirLand 
Battle  doctrine)  depends  in  large 
measure  upon  aviation  for  sui^rt, 
mobility,  and  fire  powirr.  Current 
threat  information  ana  AirLand  Battle 
doctrine  indicate  that  coediined  arms 
crews  must  be  prepared  to  operate  for 
as  long  as  72  hours  in  the  presence 
of  a  chemical  agent  threat.  Army 
aviation  is  at  serious  risk  in  the 
chemical  environment  since  the 
ability  of  aviators  to  control  their 
aircraft  may  be  disrupted.  The 
probable  outcome  of  an  unprepared 
crew  facing  a  chemical  agent  would  be 
the  loss  of  pilots,  crew,  cargo, 
passengers,  aircraft,  and  mission 
failure.  Pilots  cannot  don  their 
chemical  protective  clothing,  the 
individual  protective  equipment  (IPB) 
in  flight  because  of  limited  space, 
distraction  from  the  flying  task,  and 
lack  of  adequate  warning  of  a 
chemical  threat.  It  is  likely, 
therefore,  that  aircrew  will  be 
required  to  wear  full  IPB,  including 
mask,  throughout  all  flights, 
whenever  there  is  a  significant 
threat  of  the  use  of  chemical  agents 
by  an  enemy. 

Several  studies  have  examined  the 
physiological  penalties  on  pilots  of 
wearing  NBC  IPB  (1,2, 3, 4, 5, 6,).  The 
psychological  and  performance  effects 
of  wearing  NBC  protective  clothing 
also  have  been  widely  studied  (7, 
8,9,10,11). 

The  value  of  a  variety  of 
microclimate  cooling  systems  in 
improving  the  psychological  and 
physiological  responses  to  exercise 
heat  stress  with  NBC  uniforms  has 
been  demonstrated  in  a  number  of 
studies  (12,13,14,15).  Vallerand  et 
al.  (16)  compared  the  effects  on 
alleviating  heat  strain  of  a 
commercial  liquid  microclimate 
cooling  system  with  an  air  chiller 
system  at  37°C,  50%  RH.  They  found 
significant  advMtages  with  the  air 
system  in  terms  of  rectal 
temperature,  heart  rate,  and  thermal 
comfort,  which  they  attributed  to  the 
beneficial  effects  of  the  greater 
evaporative  cooling  produced  by  the 
air  system.  Thornton  (17)  carried 
out  a  short  subjective  assessment  of 
commercially  available  microclimate 
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cooling  systoM  in  conjunction  with 
•n  hray  wido  study  (18)  for  possible 
uso  by  troops  involved  in  Opsrstion 
Osssrt  Stons. 

Tbs  objective  of  the  current  study 
wss  to  sssess  how  the  deleterious 
effects  on  flight  perforesnee  end 
physiology  of  flight  operstions  in 
NBC  IPB  esn  be  sllevisted  by  the  use 
of  two  microclinste  cooling  systsas. 


The  USAARL  UB-60  helicopter  siaulstor 
is  an  aercaedical  version  of  the 
standard  UH-60  training  siaulator 
with  the  addition  of  an  environmental 
control  system  (BCS)  to  regulate  the 
cockpit  thermal  environaent  by 
specifying  dry  bulb  temperature  (T^) 
(68-105^)  and  relative  humidity  (ffi) 
(50-90%).  It  is  linked  to  a  real 
time  data  acquisition  system  on  a  DEC 
VAX  11/780  computer,  which  can  record 
and  analyze  aircraft  flight 
parameters  and  pilot  inputs. 

The  simulator  is  mounted  on  a  60-inch 
stroke  synergistic  hydraulic  motion 
system.  This  provides  six  degrees  of 
freedom  of  motion  to  induce 
acceleration  cues  in  the  lateral, 
longitudinal,  vertical,  pitch,  roll, 
and  yaw  axes  over  a  60-degrM  range. 
The  simulator  uses  actual  earth 
mapping  and  terrain  data  as  the  basis 
for  digital  imagery  generating  visual 
scenery.  Scene  viewing  is  through  a 
three-channel,  four-window  digital 
image  generator  (DIG)  system.  Three 
separate  video  scenes  are  sent  to 
four  cathode  ray  tube  (CRT)  displays. 
Forward  looking  scenery  is  split 
bet««een  two  front  CRTs,  with  scenery 
also  presented  to  the  left  and  right 
side  window  CRTs. 

An  on-board  biomedical  equipment 
cabinet  contains  a  diagnostic  patch 
panel,  the  ECS  control  panel,  a  16- 
channel  signal  conditioner,  and  the 
AC/DC  power  distribution  panels  which 
power  the  biomedical  research  data 
acquisition  equipment.  The  patch 
panel  provides  16  input  connections 
for  biomedical  signals.  These  connect 
to  ced3inet  mounted  physiological 
preamplifiers  which  can  be  used  to 
boost  the  level  of  the  signals. 

Bnviroamental  conditions 

The  environmental  conditions  used 
were  35®C  95®F),  50%  RH  for  one 

condition  (Tl),  and  41®C  (105“f),  50% 
RH  for  the  other  (T2).  The  maximum 
dry  bulb  temperat^e  that  could  be 
specified  was  105°F,  and  50%  the 


minisstm  RB.  The  solar  radiation  load 
was  sisnilated  by  using  infrared  laa^ 
to  produce  a  radiant  heat  load  on  the 
helmet  of  the  subjects  of  130  watts, 
per  square  meter  (Mm'^),  and  100  Hm'^ 
over  the  legs.  The  slMlator  BCS 
uses  degrees  Fahrenheit  for  its 
controls  and  settings,  and  the 
conditions  therefore  will  be 
described  in  ^  in  the  remainder  of 
this  report.  All  other  temperatures 
are  reported  in  degrees  Celsius. 

Subjects  for  the  study  Mre  16 
volunteer  male  Army  aviators,  between 
the  ages  of  21  and  39  and  in  good 
health,  as  determined  by  a  flight 
surgeon  using  a  self-administered 
written  siedical  history  questionnaire 
and  their  medical  records.  Apart 
from  age  and  sex,  the  only  other 
selection  criterion  was  that  subjects 
should  not  require  visual  correction 
for  flight.  This  was  applied  because 
of  the  difficulties  and  delay  that 
infould  have  been  encountered  in 
providing  visual  correction  for  the 
M43  mask.  They  were  asked  to  refrain 
from  alcohol  use  for  the  duration  of 
the  study. 


The  Aircrew  Uniform  Integrated 
Battlefield  (AUIB)  is  under 
development  at  the  Natick  Research 
Development  and  Engineering  Center 
(NROEC),  Natick,  Massachusetts,  as  a 
two-piece  gaiment  combining  both 
thermal  and  chemical  protection  for 
aviators.  It  is  constructed  of  sage 
green  4.5-ounce  plain  weave  Nomex- 
Kevlar/polytetraf luoroethylene  (PTFE) 
laminated  outer  shell  and  charcoal 
impregnated  polyurethane  foam/tricot 
laminated  liner.  There  is  a  sleeved 
port  in  both  sides  to  allow  passage 
of  a  microclimate  cooling  hose,  and 
tapes  to  seal  around  it.  It  is  worn 
with  the  M43E-1  aircrew  member's 
protective  mask  (AMPM) ,  and  the 
survival  armor  recovery  vest 
(including  packets)  (SARVIP). 

The  M43E-1  mask  consists  of  a 
brofflobutyl  facepiece  with  an 
integrated  butyl  hood  and  skirt. 
Overpressure  is  provided  within  the 
mask  by  a  blower  assembly,  a  battery- 
powered  motor  which  blows  air  to  the 
hood  through  two  standard  NBC 
filters.  Some  of  the  air  flow  is 
directed  over  the  inside  of  the 
lenses  to  prevent  misting,  and  some 
over  the  scalp  to  provide  cooling. 

It  incorporates  a  microphone  and 
drinking  tube. 

MiBro«;)t^^te  COOlln?  ■ 
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Two  thoraooloctric  aicroclliMt* 
cooling  ■yotoM,  doalgnatod  as  tha 
aviator  microcllMts  conditioning 
systan  (AHCS),  havs  baan  davalop^  in 
parallal  by  Aviation  Syataoui  Coostand 
(AVSOOM),  St  Louis,  Missouri.  Ons  is 
basad  on  air  conditioning,  tha  othar 
liquid.  Tha  air  coolad  varsion  of 
tha  aUfCS  is  usad  with  tha  sacond 
ganaration  varsion  of  a  singla  piaca 
cooling  vast,  dasignad  by  NROIC.  It 
is  worn  ovar  a  taa  shirt,  ianadiataly 
undarnaath  tha  AOIB.  Contaninant- 
fraa  air  is  introducad  to  tha  vast 
through  tha  air  hosa  which  attachas 
to  a  famala  connactor  on  tha  sida  of 
tha  vast  emd  has  a  quick  disconnact 
attachmant  on  tha  othar  and  to 
intarfaca  with  tha  aircraft  subunit 
hosa  connactor.  The  cooler  supplies 
air  at  a  flow  rata  of  5.66  litres  par 
sacond  (12  cfm)  for  each  of  four 
stations,  providing  a  theoretical 
cooling  capability  of  250  watts. 
Subjects  were  allotted  to  control 
their  otm  flow  rate,  by  aelacting  tha 
high,  low,  vent,  or  off  setting. 

This  was  as  tha  result  of  a  positive 
decision  at  the  start  of  tha  study  to 
use  realistic  cooler  conditions 
rather  than  regulating  flow  rata  and 
temperature  to  constant  values.  In 
practical  terms,  there  will  always  be 
soma  variation  from  tha  specified 
values,  espacially  when  several 
aircrew  share  tha  same  cooling 
source.  The  vent  setting  allows  tha 
blower  fan  to  be  usad  without 
thermoelectric  cooling,  and  this  was 
usad  on  one  of  the  test  days  to 
simulate  cooling  failure. 

Tha  liquid  cooling  unit  was  used  in 
conjunction  with  the  Bxotemp  vest  and 
hood.  The  Bxotemp  vast  is  a  long- 
sleeved  turtle  neck  shirt.  The 
garments  are  made  of  Nomex  fabric  and 
are  lined  with  thin  plastic  tubing 
(1/8  inch  outside  diameter)  to  carry 
tha  coolant.  The  vest  was  trorn  in 
place  of  an  undershirt.  The  hood  was 
used  to  give  the  subjects  the 
advantage  of  head  cooling,  in  the 
knowledge  that,  in  practice,  it  can 
be  disconnected  if  not  necessary  or 
desired. 


Physiological  data 

Throughout  the  experiment,  deep  body 
temperature,  skin  temperature,  and 
heart  rate  were  recorded  at  0.5- 
second  intervals,  on  the  VAX  computer 
while  the  subjects  were  in  the 
simulator,  otherwise  on  a  Squirrel 
1202/42  data  logger  at  1-minute 
intervals.  The  same  data  appeared  on 
a  meter  at  the  medical  observer's 
position,  independent  of  the  VAX 
system,  in  case  of  computer  failure. 


The  medical  observer  took  manual  • 
recordinge  at  5-minuta  intervals  to 
provide  data  backup,  and  to  ensure 
adequate  monitoring  of  critical 
valuee. 

Deep  body  temperature 

Deep  body  temperature  was  swasured 
using  a  rectal  thermistor  inserted  by 
the  subjects,  10  cm  beyond  the  anal 
sphincter.  The  rectal  probes  were 
pre-calibrated  by  comparison  to  a  YSI 
reference  probe.  Any  which  differed 
by  more  than  0.2°C  over  the  range  36- 
40°C  were  rejected. 

Skis  tsmpsratnre 


Skin  temperature  was  measured  at  four 
sites,  chest  .  upper  arm  (T^„), 
inner  thigh  (T,^^^)  and  outer  calf 


(T|^  ) ,  using  theraistors  held  in 
posnion  by  an  elastic  harness.  Mean 
skin  temperature  (fsk)  was  calculated 
after  Ramanathan  (19)  using  the 
formula: 


(Tsk)  -  0.3(Tg^,^)  +  0.3(T,^) 

*  *  0-2<Ti,8) 

This  made  no  allowance  for  the  fact 
that  the  chest  thermistor  in  the  air 
system,  and  both  chest  and  arm 
thermistors  with  the  liquid  vest,  are 
on  areas  receiving  direct  cooling. 
With  the  small  number  of  sites,  it 
was  considered  impractical  to  apply 
any  further  weighting  on  he  basis  of 
cooled  area,  and  the  limited  number 
(16)  of  physiological  data  channels 
available  in  the  simulator  precluded 
any  increase. 

Heart  rate 


Heart  rate  was  recorded  from  BCG  Ver- 
med  electrodes  and  an  R-wave  counter 
(Boisig  Instruments). 

Height  loss 

Subjects  were  weighed  naked,  then 
fully  clothed  before  each  run,  and 
clothed,  then  dry  naked  after.  This 
enabled  calculation  of  weight  loss 
and  evaporative  sweat  loss.  They 
were  allowed  liberal  access  to 
drinking  water  at  all  times, 
including  during  flight  in  the  NBC 
IPB  through  the  M43  mask  drinking 
tube.  Hater  canteens  were  weight, 
and  the  weight  drank  used  in  the 
estimate  of  dehydration.  Any  urine 
voided  between  subject  weighings  was 
collected,  weighed,  and  used 
likewise. 

Pilot  flight  performance  data 


TlM  siaulator  flight  profil*  hu  baan 
daacrlbad  in  datall  alaaifhara  (20). 

A  dallbarata  daeiaion  waa  awda  to  uaa 
tha  aaiM  flight  profila  in  ordar  to 
allow  coagtarlaon  of  raaulta  batwaan 
tha  two  atudiaa.  It  waa  daaignad  to, 
aa  far  aa  poaaibla,  rapraaant  a 
raaliatic  tactical  acanario.  Within 
that,  at  ragular  intarvala,  wara 
awhartrlad  awnoauvraa  which  had  to  ba 
flown  accurataly  to  allow  acoring  of 
parfocaHutca  by  naaouring  daviation 
from  aaaignad  valuaa  for  varioua 
flight  paraoMtara.  It  conaiatad  of  1 
hour  of  tactical  low  laval  flight, 
followad  by  1  hour  of  uppar  air  work. 
Tha  autcnatic  flight  control  ayataa 
(AFCS)  waa  diaablad  halfway  through 
tha  uppar  air  work  to  incraaaa  pilot 
workload.  Control  of  tha  aircraft 
alternated  batwaan  both  pilota  at 
apaclfied  intarvala  during  fllghta, 
to  allow  aaaanaiDant  of  two  aubjacta 
in  each  flight.  Whan  it  waa 
nacaaaary  to  withdraw  one  pilot  for 
any  raaaon,  it  waa  poaaibla  to 
continue  aaaaaaing  tha  other  uaing 
the  aioiulator  operator  aa  hia 
copilot. 

During  the  copilot 'a  non-handling 
phaaa  of  each  flight,  flying-related 
taaka  were  ainimized  to  leave  20 
minutea  available  in  each  2-hour 
sortie  for  performance  aaaeaament 
battery  (PAB)  testing,  using  the 
Paravant  ItBC-88  hand-held  computer. 
Space  does  not  permit  the  reporting 
of  those  data,  but  the  results  of  an 
additional  questionnaire,  the 
'fatigue  checklist,'  (21),  which 
provided  a  subjective  assessment  of 
fatigue,  was  prograimnad  into  the  RHC- 
88,  and  those  results  are  reported. 

Aircraft  preparation 


this  phase,  together  with  heart  rata, 
and  deep  body  tamper atura. 


Tha  aimulator  cockpit  dry  bulb 
tampsratura  (T^),  wet  bulb 
tamparatura  (T^),  and  black  globe 
ta^aratura  (tT)  wara  measured  and 
output  to  tha  wUx  coaster  at  1- 
minuta  intervals.  The  WB6T  was 
calculated  according  to  tha  formula: 

WBOT  -  0.7T^^  +  O.lTji,  ♦  0.2Tj^ 

intriatatal  design 

Tha  axparimantal  design  is  shown  in 
Table  1.  It  consisted  of  2  days 
training  on  the  experimental  flight 
profila,  tha  first  in  tha  standard 
flight  suit,  tha  second  in  tha  HBC 
IPB.  Bight  hours  training  has  bean 
demonstrated  to  ba  a»ra  than  adequate 
for  this  particular  flight  profila 
(Thornton  at  al.,  1992).  At  each 
temperature  there  were  three  test 
conditions:  no  cooling,  air  cooling 
and  liquid  cooling.  In  addition,  at 
T2  only,  there  waa  a  fourth  test 
condition  in  which  the  air  system  was 
used  in  its  vent  mode,  to  simulate 
failure  of  the  cooling  system.  Tha 
order  in  which  the  conditions  wara 
administered  was  randomized,  with  the 
restriction  that  none  of  the  3  days 
which  resulted  in  the  most  heat 
stress  (days  3  4  and  9  in  Table  1) 

waa  allowed  to  fall  on  consecutive 
days,  to  minimize  any  possible 
cumulative  effects  of  heat  stress  or 
dehydration.  The  convention  for 
abbreviated  names  for  the  conditions 
used  in  the  remainder  of  this  paper 
is  shown  in  the  last  column  of  Table 
1. 


During  field  operations  of 
helicopters,  the  metabolically  most 
demanding  activities  occur  not  during 
flight,  but  in  associated  activities 
on  the  ground  such  as  preflight 
inspections  and  refuelling  (22). 
Therefore,  to  make  this  study  more 
realistic,  an  initial  metabolic  load 
was  devised  for  the  subjects  in  the 
form  of  a  simulation  of  preflight 
activities.  Data  are  available  for 
the  average  energy  expenditure  (370 
watte)  of  preflighting  similar  sized 
aircraft  (23),  so  that  it  was 
possible  to  simulate  this  activity  by 
exercising  to  a  similar  rate  of  work 
on  a  treadmill  (4.8  km  per  hr,  0° 
slope).  While  there  was  no  facility 
available  in  which  this  could  be  done 
with  accurate  climatic  control,  local 
heating  was  used  in  the  treadmill 
room,  in  an  attempt  to  duplicate  the 
simulator  conditions  as  closely  as 
possible.  WB6T  was  recorded  during 


Data 

Flight  performance  data 

The  flight  profile  was  divided  into 
nine  separate  maneuver  types.  Some 
of  the  maneuvers  were  further 
subdivided,  the  hover  maneuvers  into 
low  or  high,  and  others  into  whether 
the  AFCS  was  disabled  or  not.  In 
most  cases,  statistically  significant 
differences  were  found  between  the 
subdivisions  of  the  divided 
maneuvers,  necessitating  separate 
analysis,  e.g.,  between  hover 
altitude  error  for  the  40-foot  hover, 
compared  with  the  10-foot  hover. 

Each  maneuver  was  scored  for  up  to 
five  different  parameters  which  vary 
with  the  maneuver  type.  For  example, 
navigation  was  scored  for  heading, 
altitude,  slip,  and  roll  while  hover 
turn  was  scored  for  altitude  only. 
Some  maneuvers  were  repeated  several 
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tlMS  In  Mcb  flight,  «nd  thn  flight 
wM  r«pnnt«d  thraa  tiM*  par  teat 
day.  In  all,  thara  wara  69  aaparata 
flight  aanauvars  par  taat  day  with  up 
to  S  ralavant  paraaMtars  aach. 

Flight  parforaanca  data  iMra  racordad 
twica  a  aacond  for  16  paraaatar 
channala,  and  tha  data  wara  procaaaad 
to  produca  a  alngla  root  aaan  aguara 
(RMS)  arror  valua  for  aach  channal 
appr^riata  to  aach  of  tha  9 
aanauvara.  Tha  RMS  valuaa  wara 
obtainad  uaing  tha  aquarad  daviation 
frcai  tha  rafaranca  valua  for  that 
particular  paraiaat.ar.  Thaaa  than 
wara  auaaiad,  and  dividad  by  tha  total 
nuadsar  of  aaag>laa.  Finally,  tha 
aguara  root  waa  calculatad,  ao  that 
tha  unita  for  tha  RMS  valua 
corraapondad  to  thoaa  of  tha  original 
paraaatar.  Tha  raault  thua  .a 
aiallar  to  tha  atandard  daviation, 
axcapt  that  it  ia  calculatad  uaing 
diffarancaa  froai  tha  idaal  valua 
rathar  than  fron  tha  awan. 

Plotting  tha  RMS  arror  for  aanauvar 
paraowtara  of  ona  typa  aaguantially 
throughout  a  taat  day  ahowad  no 
appraciabla  incraaaa  in  arror  rata 
with  tiow  in  aliBoat  all  cacao,  aa 
ahown  in  tha  raoulta  aaction.  Thio 
waa  confinnad  by  atatiatical 
analyaia,  using  tha  oiathods  daacribad 
balow.  Tha  naan  arror  rata  for  aach 
of  tha  55  aanauvar  paraoMtar 
ccoibinations,  a.g.,  hovar-haading, 
hovar-altituda,  tharafora  waa  usad  in 
tha  final  data  analysis. 

Analysis  of  varianca  (AHOVA)  was 
undartakan  on  tha  RMS  arror  valuaa 
inaanad  for  all  16  subjacts,  using  tha 
SAS/STAT  ganaral  linaar  aodala  (OLM) 
procadura  and  Duncan's  oniltipla  ranga 
taat  for  evaluating  posteriori 
coovarisons  (24).  Condition  and 
subject  nuadsar  both  ware  included  in 
tha  ax>dal.  Repeated  aaasuras  AHOVA 
was  not  appropriate  because  of  the 
unagual  call  sisa  caused  by  subjects 
dropping  out  early  on  the  hotter 
days.  This  oMthod  also  was  usad  to 
taat  tha  ralationshipa  between 
aanauvar  subdivisions  and  flights,  as 
daacribad  above.  Tha  alpha  level  was 
sat  at  0.05  for  aach  conparison. 

Tha  parfonaanca  data  ware  analyzed  in 
a  nuabar  of  different  ways  in  an 
attaapt  to  allow  for  tha  variations 
in  cooler  parforaanca  daacribad 
balow.  Results  wara  analysed  for 
subjacts  using  tha  batter  (right, 
pilot's)  side  of  tha  cooler  only  and 
analysis  was  undartakan  for  subjacts 
12  onward  (8  subjacts),  to  allow  for 
the  iJBprovad  parforaanca  of  the  air 
cooler  at  that  stage. 


Tha  short  survival  tisa  for  tha  105 
nil  condition  aaant  that  sufficient 
data  wara  available  for  analysis  only 
for  tha  first  hour  of  flight.  Tha 
uigwr  airwork  data  therefore  do  not 
include  this  condition. 

tgrrtTH  tit 

The  diffarancaa  in  survival  tisias 
between  tha  various  conditions  %«ara 
analyzed  by  AHOVA,  using  tha 
Graanhousa-Gaisaar  correction  because 
of  tha  large  nusibar  of  dagraes  of 
fraadow.  Tha  Na«sBan~Kauls  test  was 
applied  CO  dataraina  post  hoc 
coaparisons  (25). 

ntiW  Thacklist 

Tha  fatigue  checklist  was  scored 
using  a  BASIC  program  which  convartad 
responses  into  a  score.  A  Man  value 
than  was  calculatad  for  aach  of  tha 
four  ateinistrations  of  tha  checklist 
in  aach  test  condition,  and  used  in 
tha  analysis.  AHOVA  was  usad  to 
analyze  tha  results  in  tha  ssm  way 
as  for  survival  tiM. 

Fhvsiolooical  data 

Tha  physiological  data  on  tha  VAX 
«N>re  processed  by  saapling  than  at  5- 
minute  intervals  throughout  tha 
flight,  first  for  tha  pilot,  than  tha 
copilot,  and  appending  both  sets  of 
results  into  ona  file.  Tha  resulting 
data  fila  was  convartad  into  an  SFSS 
systan  fila,  and  tha  results  wara 
plotted  using  SPSS  Graphics.  Tha 
data  tiara  tasted  using  regression 
analysis,  and  plotting  tha  99% 
predicted  confidence  intervals. 

Hater  balance  was  calculatad  in  tanas 
of  weight,  percentage  body  weight, 
and  rata  of  weight  change.  Tha 
latter  was  dona  in  ordar  to  batter 
coapara  subjacts  who  survived  varying 
periods  of  tiM.  It  was  dona  by 
dividing  tha  total  weight  of,  for 
axampla,  dehydration,  by  the  tiM 
from  starting  the  treadmill  work  to 
doffing  tha  uniform.  AHOVA  was  usad 
to  test  for  differences  in  fluid 
balance  between  conditions.  Sweat 
loss  calculations  wara  not  correctad 
for  respiratory  water  loss. 

Cooler  narformanca 
Liquid  cooler 

Calculations  were  parformad  on  the 
tsmperatura  and  flow  rata  data  to 
derive  tha  cooling  capacity  in  watts, 
by  sultiplying  mss  flow  rata  by 
specific  hast  of  water  by  the 
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t«v*ratur«  dLttmxmacm.  Tha  rasulta 
raagad  froa  101  to  352  watts  par 
aubjaet,  with  tha  right  aida 
conaiatantly  gatting  tha  graatar 
ahara  of  tha  cooling.  Th^  can  bo 
coa^arad  with  a  thaoratical  total 
capacity  for  tha  unit  undar  tha  aaao 
cmditiona  of  248  watta  poraon  at 
95^  and  220  watts  at  105*T. 

hir  ooolar 

Calculations  of  tha  actual  cooling 
capacity  of  tha  air  unit  worn  aMda  by 
coa^aring  anthalpy  at  vast  inlat  and 
outlat  using  an  aaauaod  flow  rata  of 
5.66  litors  par  sacond,  a  vast 
afficioncy  of  63%  and  tha  aoasurad 
skin  taaqparaturos.  Tha  actual  values 
ranged  from  142  to  300  watts  par 
subject,  with  tha  right  side  again 
doing  batter  in  all  cases.  Sams  of 
tha  variation  was  due  to  a  series  of 
technical  problsma  with  tha  air 
conditioning  unit,  which  ware  not 
romadiad  complataly  until  after 
completion  of  tha  first  half  of  tha 
study.  Tha  air  vast  is  designed  to 
produce  250  watts  at  both  tomparatura 
conditions. 

riiaht  oav*«~««^ 

Ixamplas  of  tha  flight  parformanca 
data  as  analysed  for  individual 
maneuvers  are  shown  in  Figures  1-4. 
Figure  1  shows  tha  RMS  error  plotted 
against  maneuver  number  (three  runs 
of  two  manMvars)  for  hover  and  hover 
turn  at  95^.  Tha  saw  tooth  affect 
is  caused  by  tha  diffaranca  in  sise 
of  tha  RMS  error  for  low  and  high 
hover.  Collapsing  across  condition 
and  hover  height,  there  ware  no 
significant  diffarancas  between  tha 
three  run  numbars. 

Figure  2  daoionstratea  tha  mean  of  the 
RMS  error  for  hover  turn  in  each 
condition,  for  both  low  (10  ft)  and 
high  (40  ft)  hover  turns.  For  low 
hover  turn,  altitude,  tha  error  for 
105  nil  was  significantly  greater 
than  all  othar  conditions.  For  high 
hover  turn,  altitude,  tha  error  for 
105  nil  and  105  vent  was 
significantly  graatar  than  the  95^ 
conditions.  The  error  for  105  air 
was  significantly  greater  than  95  air 
and  95  liquid. 

There  ware  no  significant  differences 
betvfeen  the  two  cooling  systems  for 
the  data  shown  in  Figure  2.  When  the 
data  were  examined  for  pilots  only, 
and  for  subjects  12  onward  only, 
there  were  still  no  differences 
between  the  systems.  Collapsing 
across  condition,  the  error  for 
altitude  was  significantly  greater  in 
the  high  hover  than  in  the  low  hover. 


Figure  3  shows  the  RMS  error  plotted 
against  maneuver  nuaber  (three  runs 
of  one  maneuver)  for  left  descending 
turn  at  the  95V  conditions  for  rate 
of  turn,  airspeed,  roll  and  rate  of 
descent.  Collapaing  across 
condition,  there  were  no  significant 
differences  between  the  three  run 
numbers  for  four  parsaeters.  For 
roll,  the  error  was  significantly 
greater  on  the  first  run  than  the 
third. 

Figure  4  contains  the  mean  of  the  RMS 
error  for  all  left  descending  turn 
maneuvers  in  each  condition  and  each 
subject.  For  rate  of  turn,  error 
rate  was  significantly  lower  for  95 
air  and  95  liquid  than  for  105  vent 
and  105  liquid.  For  airspeed  and 
rate  of  climb,  there  were  no 
differences  between  conditions.  For 
roll,  the  error  for  95  air  and  95 
liquid  was  significantly  lower  than 
105  vent  and  105  liquid.  There  *«ere 
no  significant  differences  between 
the  t«io  cooling  systems  for  the  data 
shoM)  in  Figure  4.  When  the  data 
were  examined  for  pilots  only,  and 
for  subjects  12  onward  only,  there 
were  still  no  differences  between  the 
systsms. 

A  summary  of  tha  flight  performance 
data  statistics  is  shown  in  Table  2. 
Thera  are  55  combinations  of  maneuver 
and  parameter,  each  of  which  has  a 
mean  RMS  error  score  for  each  of  the 
7  conditions.  Tha  convention  used 
for  indicating  significant 
differences  between  groups  is  that 
used  by  SAS  in  their  multiple 
comparisons  testing,  in  which  the 
same  letter  denotes  means  that  are 
not  significantly  different.  In 
those  lines  which  contain  different 
letters,  the  means  grouped  as  A  are 
always  higher  than  those  grouped  as 
B,  B  higher  than  c,  and  so  on.  The 
alpha  value  was  set  at  0.05. 

At  95V,  there  were  eight  cases  in 
which  the  performance  error  wan 
significantly  lower  for  liquid 
cooling  than  no  cooling,  and  seven  in 
which  air  cooling  produced  a  better 
performance.  There  were  no 
significant  differences  between  the 
flight  performance  for  the  two 
cooling  systsms.  At  105V,  ths 
subjects  did  not  survive  long  enough 
without  cooling  to  obtain  any 
meaningful  flight  performance  data 
for  comparison.  Using  the  vent 
condition  as  a  basis  for  comparison, 
bearing  in  mind  that  it  in  itself 
provides  considerable  relief  compared 
with  no  cooling,  there  are  18  cases 
in  which  the  error  was  significantly 
lower  with  liquid  cooling  than  vent 
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only.  Tiwr*  won  13  c«Mn  in  which 
air  cooling  producod  significantly 
battar  parforaanca  than  vant  pnly* 
Than  wan  thraa  caaaa  at  105*7  In 
which  tho  parfonanca  with  tha  liquid 
ayataai  was  significantly  battar  than 
tha  air  systasi. 

To  allow  for  tha  poorar  parfonanca 
of  tha  air  coolar  unit  In  tha  aarly 
stagas  of  tha  study,  a  saparata 
coaq>arlson  was  mada  using  only  tha 
last  sight  subjects.  Thara  wars  no 
dlffanncss  In  flight  parformanca 
batwaan  tha  coolar  systssw  at  95*7, 
but  at  105^  thara  wars  11  examplas 
of  tha  air  systan  producing 
significantly  battar  flight 
parformanca  than  tha  liquid,  and  nona 
of  tha  liquid  systaa  producing  battar 
parformanca  than  tha  air  aystam. 

ftigTtTfl 

Tha  slmplast  measure  of  tha  ability 
to  operate  In  NBC  protective  clothing 
Is  'survival  tlma, '  that  Is  tha 
length  of  time  that  tha  conditions 
can  be  endured  before  tha  subject 
rsmovas  himself  from  tha  experiment, 
or  tha  physiological  criteria  an 
mat.  Tha  overall  survival  times  are 
shown  In  Table  3.  Subjects  who 
reached  the  physiological  limits  for 
withdrawal  are  Indicated.  The 
subjects  who  quit  voluntarily  did  so 
usually  complaining  of  headache, 
nausea,  or  both.  One  subject  quit 
during  both  liquid  sessions  because 
of  painful  'hotspots'  on  his  head 
caused  by  tha  tubas  In  tha  coolar 
cap.  On  tha  105^  run  for  tha  final 
two  subjects,  tha  air  cooler  failed. 
Their  values  therefore  are  not 
Included  In  tha  summary  statistics 
nor  tha  graphs.  Subjects  14  and  15 
nre  a  day  late  starting  the  study, 
and  tha  vent  condition  was  dropped  to 
allow  their  participation.  Tha  means 
are  graphed  In  Figure  5,  together 
with  the  minimum  survival  time  for 
each  condition. 

A  significant  condition  affect  was 
present,  (F(6,78)  >  53.32,  p  < 
0.0001).  The  mean  survival  tlma  at 
95^  without  cooling  was  285  minutes, 
the  minimum  118.  (kily  one  Individual 
In  either  case  failed  to  complete  6 
hours  exposure  with  cooling  at  95^. 
The  post  hoc  analysis  Indicated  that 
tha  Increase  In  survival  time  for 
both  cooled  conditions  over  tho 
uncoolad  was  statistically 
significant,  (air  p  <  0.05,  liquid  p 
<  0.01),  but  tha  two  cooled 
conditions  cannot  be  separated 
statistically. 

At  105^  without  cooling,  tha  mean 
survival  time  was  only  79  minutes. 


with  a  minimum  of  40  mlnutos.  Tha 
additional  evaporative  cooling 
provided  by  the  vant  air  Increased 
msan  survival  time  significantly  to 
150  minutes  (p  <  0.01),  with  a 
minimum  of  66  minutes.  Nlth  cooling, 
tha  air  system  produced  a 
significantly  batter  survival  time  of 
333  minutes  (p  <  0.01)  compared  with 
294  minutes  (p  <  0.01)  for  tha  liquid 
aystam,  and  a  large  difference  In 
minimum  times,  225  and  113  minutes 
respectively.  The  Increased  survival 
time  with  cooling  compared  with  vent 
and  uncoolad  conditions  Is 
statistically  significant.  Tha  two 
cooled  conditions  cannot  bo  separated 
atat 1st leal ly . 

Because  of  the  differences  between 
cooling  capacity  for  the  two  sides  of 
both  coolers,  the  mean  and  minimum 
survival  times  ware  also  computed  for 
tha  better  (right)  side.  The 
differences  between  the  two 
condltlona  at  both  temperatures  are 
now  mlnlmlxad,  and  cannot  be 
separated  statistically.  Analysing 
data  for  the  last  six  subjects  only, 
to  taka  account  of  the  poorar  air 
cooler  performance  In  the  first  half 
of  the  study,  there  Is  a  significant 
affect  for  condition,  (F(6,30)  m 
49.78,p  <  0.001).  Post  hoc  analysis 
reveals  a  significant  difference 
between  the  mean  survival  times  for 
the  two  cooled  conditions  at  105^ 

(360  minutes  for  air,  256  for 
liquid),  (p  <  0.01)  but  none  at  95^. 
PhVSiplQgT 

Bectal  ts^eratora 

Figure  6  shows  the  mean  rectal 
temperature  by  condition  for  the  6 
hours  during  which  adjects  *rere  In 
the  simulator  at  95^,  plotted  at  5- 
mlnute  Intervals.  There  Is  an 
obvious  difference  between  the  mean 
rectal  temperature  without  cooling 
and  with  either  conditioning  system, 
and  a  smaller  difference  between  the 
t««o  cooling  systems,  with  the  liquid 
system  producing  the  cooler 
temperatures.  The  trend  Is  for  the 
OMan  rectal  temperature  with  the 
liquid  system  to  continue  falling 
throughout  the  test  period,  whereas 
the  air-cooled  curve  levels  after  2 
hours  to  maintain  a  temperature  which 
Is  elevated  by  0.5”c.  The  drop  In  the 
no  cooling  curve  Is  due  to  the  loss 
of  subjects  from  the  data  pool  as 
they  were  withdrawn,  those  who  left 
having  a  higher  rectal  tssqperature, 
leaving  the  mean  value  for  the 
remainder  lower. 

The  significance  of  differences 
between  the  various  curves  was 
determined  by  plotting  the  confidence 
Intervals  for  selected  curves.  Lack 
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of  ovorlop  of  tbo  3%  confidonco 
intorvol  of  ono  curvo  with  tlio  99% 
confidOMW  intorvol  of  anothor  boing 
takon  to  indlcata  a  sipnificant 
dlffaranco.  Tha  dtfforancas  on  tha 
traadalll  wara  analysad  by  aalactinq 
tha  firat  availabla  alaulator  valua 
for  aach  variabla  In  aach  condition 
and  par forming  anaiyaia  of  varianca. 
Thia  indicatad  that  thara  wara  no 
aignificant  diffarancaa  battiaon 
conditiona  for  tha  ractal 
toi^raturaa. 

Figura  7  ahowa  tha  maan  ractal 
taoMraturaa  in  tha  aiaulator  at 
105^.  Tha  atappad  appaaranca  in  tha 
uncoolad  curva  ia  again  dua  to  loaa 
of  aubjacta.  Tha  advantaga  of  vant 
air  ovar  no  cooling  ia  ahown  by  tha 
lowar  valuaa,  though  N  ia  only  3 
bayond  200  minutaa,  and  1  aftar  280 
fflinutaa.  Thara  ia  no  aignificant 
diffaranca  betwaan  tha  air  and  liquid 
curvaa,  but  that  ia  dua  in  part  to 
tha  highar  (but  atatiatically 
inaignificant)  initial  value  for  tha 
liquid  curva  dua  to  tha  larger  akin 
area  inaulatad  by  tha  liquid  vaat  and 
hood.  There  ia  an  initial  riaa  for 
both  ayatama,  though  aftar  2  houra 
tha  taeparatura  atarta  to  fall  for 
tha  liquid  ayatam  but  kaapa  on  riaing 
for  tha  air  ayatam.  Selecting  data 
for  tha  laat  eight  aubjacta  only,  or 
pilota  only,  made  little  diffaranca 
to  tha  raaulta. 

Naan  akin  tanparatura 

Figura  8  containa  tha  maan  akin 
taomratura  data  for  tha  aimulator  at 
95^.  Dnlika  tha  ractal  tamparatura, 
thara  ia  no  riaa  in  akin  tamparatura 
with  tima  without  cooling,  though 
both  cooling  ayatama  ahow  an  initial 
fall,  followed  by  a  ataady  riaa  after 
90  fflinutaa  for  tha  air  ayatam  and  180 
minutaa  for  the  liquid,  with  the 
liquid  ayatam  consistently  providing 
tha  lower  values. 

Figure  9  shows  the  same  data  for 
105°F.  Hera  tha  uncoolad  skin  does 
ahow  an  increase  in  temperature  with 
time.  Tha  liquid  ayatam  appears  to 
provide  a  sustaincKl  decrease  in  mean 
temperature,  while  tha  temperature 
with  tha  air  system  starts  to  rise 
after  150  minutes. 

Heart  rata 

The  simulator  heart  rates  at  95°F  are 
in  Figure  10.  Tha  results  are 
similar  to  tha  ractal  taaqperatures 
with  tha  uncoolad  condition  producing 
a  steady  increase  with  time,  which 
was  not  diminished  as  tha  hotter 
subjects  dropped  out.  Both  cooling 
conditions  reduce  the  initial 


exercise-induced  elevation,  with  the 
liquid  ayatam  producing  a  lower 
overall  level.  Figure  ^  shows  the 
same  curves  for  tha  lOS^F  conditions. 
There  is  little,  if  any,  benefit  from 
the  vent  condition  compared  with  no 
cooling.  There  is  no  aignificant 
difference  bet%«een  the  cooling 
systems,  though  the  tendency  ia  for 
the  liquid  values  to  be  slightly 
higher. 

Water  balance 

Figure  12  graphs  the  water  balance 
data  in  terms  of  weight  (kg)  for 
dehydration,  sweat  los|^  water  drunk, 
and  urine  voided  at  9S°F,  and  Figura 
13  fhowa  tha  aama  information  at 
105^.  AMOVA  demonstrates  a  main 
effect  for  condition  for  dehydration 
(F(6,90)  -  4.86,  p  -  0.0002),  for 
sweat  production  (F(6,90)  -  17.58,  p 

<  0.0001),  and  water  consumption 
(F(6,90)  -  6.84,  p  <  0.0001).  For 
dehydration,  the  only  aignificant 
difference  within  temperature  groups, 
ia  bet%«een  95  nil  and  95  air  (p  < 
0.05).  Tha  weight  of  s%ieat  loaa  was 
significantly  greater  for  95  nil  than 
both  95  air  and  95  liquid  (p  <  0.01) 
and  greater  for  95  air  than  95  liquid 
(p  <  0.05).  The  weight  of  water 
drimk  was  significantly  greater  at 
95°F  without  cooling  than  with  the 
liquid  (p  <  0.01)  or  air  cooling 
system  (p  <  0.05) . 

The  absence  of  significant 
differences  at  105*’f  is  because  of  the 
smaller  exposure  tima  for  the  no 
cooling  condition  which  doea  not 
allow  as  much  total  dehydration  to 
occur.  The  total  deh^ration  for  all 
the  conditions  at  105^  was  twice  that 
found  at  95  nil.  Much  of  this  was 
caused  by  a  reluctance  among  subjects 
to  drink  water  from  canteens  which 
quickly  warmed  as  it  sat  in  the 
aimulator  cockpit.  Some  subjects 
complained  of  nausea  if  they  drank. 

Figures  14  and  15  show  the  data  for 
dehydration  and  sweat  loss  as  a  rate 
(g/minute),  to  allow  for  the 
different  exposure  times.  There  was 
a  main  condition  effect  for 
dehydration  (F(6,90)  >  15.70,  p  < 
0.0001),  for  sweat  production 
(F(6,90)  >  40.80,  p  <  0.0001),  and 
water  consumption  (F(6,90)  «  17.91,  p 

<  0.0001).  None  of  the  dehydration 
differences  at  95”f  is  statistically 
significant.  The  105  nil  condition 
produced  a  significantly  greater  rate 
of  dehydration  than  105  vent  (p  < 

0.05)  and  both  105^  cooled  conditions 
(p  <  0.01),  and  the  105  vent  rate  was 
significantly  higher  than  105  air  (p 

<  0.01).  For  sweat  rate,  95  nil  was 
significantly  higher  than  both  cooled 
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ooaditloas  at  9S^  (p  <  0.01).  Tb* 
•wMt  rat*  at  109  nil  tws 
aigalfieaatly  bighar  than  all  otbar 
co^itions  (p  <  0.01) «  and  at  109 
rant,  aignifieantly  hlgbar  than  tb* 
two  eoolad  condition*  (p  <  0.01). 
nia  significant  diffarancas  in  tha 
rata  of  watar  consuaption  within 
tsapsratura  ar*  batwaan  -109  ail  and 
all  otbar  109^9  c<mditl<ms  (p  < 

0.01),  and  batwaan  99  nil  and  99 
liquid  (p  <  0.09). 

In  th*  aan*  way  that  otbar  data  hav* 
baan  analysad  aaparataly  to  allow  for 
tha  affacts  of  poor  air  coolar 
parforaanc*  in  tba  study,  so  hava  th* 
watar  balanc*  data  baan  analysad  for 
tb*  last  sight  subjacts  only.  Thara 
%«sra  no  significant  diffarancas 
within  tsstparatura  for  tha 
dahydration  data  by  waight.  Thara 
was  a  condition  aain  offset  for  swaat 
production  (P(6,42)  *  15.17,  p  < 
0.0001),  and  watar  consusq>tion 
(P(6,42)  «  11.18,  p  <  0.0001).  Tha 
waight  of  swaat  loss  at  95  nil  was 
significantly  graatar  than  95  air  and 
95  liquid  (p  <  0.01).  Th*  waight  of 
watar  drunk  at  95  nil  was 
significantly  aor*  than  at  95  liquid 
(p  <  0.01),  and  105  air  was 
significantly  aor*  than  105  nil  (p  < 
0.05). 

Th*  rat*  data  for  th*  last  sight 
subjacts  show  a  aain  offset  for 
condition  for  dahydration  (P(6,42)  > 
37.30,  p  <  0.0001),  for  swaat 
production  <r(6,42)  «  15.10,  p  < 
0.0001),  and  watar  consumption 
(7(6,42)  -  9.06,  p  <  0.0001).  Thors 
is  a  significant  diffaranc*  in  tha 
rata  of  dahydratim  batwaan  105  nil 
and  all  othor  105^  conditions  (p  < 
0.01),  and  batwaan  105  vont  and  105 
liquid  (p  <  0.05)  and  105  air  (p  < 
0.05).  Tha  rat*  of  sweat  loss  at  95 
nil  was  significantly  graatar  than 
for  95  liquid  (p  <  0.05)  and  95  air 
(p  <  0.01).  Tha  rat*  of  s%Mat  loss 
at  105  nil  was  simificantly  graatar 
than  all  othar  105^  conditions  (p  < 
0.01)  and  tha  rata  for  105  vant  was 
significantly  graatar  than  105  air  (p 
<  0.05).  Tha  rats  of  swaat  loss  at 
105  liquid  was  significantly  graatar 
than  105  air  (p  <  0.05).  Th*  rate  at 
which  watar  was  drunk  was 
significantly  graatar  at  95  nil  than 
95  liquid  (p  <  0.05),  and  at  105  nil 
ccoparad  with  105  liquid  (p  <  0.05). 

Thara  wars  no  significant  diffarancas 
in  urlna  output  for  any  of  tha 
analyses.  Th*  stusMry  statistics  for 
watar  balanc*  ar*  in  Table  4. 

"ttrMiit 

The  mean  scores  for  tha  fatigue 


chacia.i*t  ar*  plotted  in  rigur*  16 
for  95^  and  Figur*  17  for  105*F. 
Sassion  on*  is  tha  basal in* , 
ccaplatad  after  dressing  in  tba 
uniform  of  tha  day.  One*  th* 
simulator  flight  was  over,  avan  if 
tha  subject  retired  early,  no  further 
chaclU.ists  war*  complatsd.  Tha 
results  ar*  tbarafor*  a  main  of 
survivors  only,  ht  105^,  an  so  faw 
subjacts  survived  long  enough  without 
cooling  to  ccmplat*  sassion  t«io,  that 
condition  is  not  includsd  in  tha 
graphs  or  th*  analyses.  Both  tha 
graphs  show  a  main  affect  for  sassion 
(F(2,30)  -  22.96,  p  <0.0001). 

Figur*  16  shows  a  nar)cad  improvamant 
in  fatigue  score  for  both  nystsaw 
coaparad  with  no  cooling  (p  <  0.01), 
and  liquid  is  consistantly  battar 
than  air,  though  th*  diffaranca  is 
not  significant.  Figure  17  shows 
that  tiM  fatigue  score  with  cooling 
is  significantly  battar  than  with 
vant  air  (p  <  0.01),  but  thara  is  no 
diffaranca  batwaan  cooling  types. 

Using  only  subjacts  12  onwards,  thara 
is  again  a  main  affact  for  sassion 
(F<2,14)  -  10.01,  p  -  0.0022).  For 
tha  95°F  data,  both  systems  still 
provide  battar  cooling  than  none  at 
all,  though  tha  difference  is  only 
significant  for  tha  liquid  (p  < 

0.05),  but  there  is  now  no  diffaranc* 
battiaan  systams.  At  105°F  th*  fatigue 
score  is  Isattar  for  air  than  liquid, 
though  th*  difference  is  not 
significant. 

The  tamparaturas  recorded  in  tha 
simulator  cockpit  and  treadmill  room 
are  shown  in  Table  5.  Tha 
tamparaturas  in  the  traadaU.ll  room 
ware  as  hot  as  could  be  achieved  with 
th*  us*  of  space  heaters,  and  siiowad 
considerable  variation,  ralatad  to 
the  outside  air  tamparatura  and  tha 
efficiency  of  tha  Laboratory's  air 
conditioning  system.  Tha  RH, 
calculated  from  a  psychrometric  chart 
using  th*  mean  values  in  t))a  table, 
was  23%.  The  recorded  tasiparaturas 
are  slightly  higher  than  those 
selected  on  the  simulator  BCS,  due 
probably  to  tha  differing  positions 
of  tha  WjUftgets  and  the  BCS  sensors. 

RH  at  95^  was  53%  and  at  105^,  55%. 


PlBCWIOli 

Ooaditionina  systems 

Tha  reliability  and  parformanca 
problaeui  with  tha  air  conditioning 
unit  ware  a  causa  for  concern  and 
produced  major  difficulties  in 


interesting  thn  data.  It  iias 
dncidad  at  tlia  atart  of  ttm  atudy  to 
accne  *^V  Minor  ▼ariations  in 
parfomanca  dua  to  diffarancas  in 
flow  rata  batwaan  individual 
aubjacta,  aa  thia  tiould  raflact  tha 
caaa  in  tha  aircraft.  Siadlarly, 
major  diffarancas  eoducad  by  tha 
subjects  salacting  a  lower  cooling 
rata,  or  even  no  cooling  at  all,  %Mra 
daamad  enforcing  a 

aingla  controllad  level  of  cooling. 

Aa  tha  main  invaatawnt  was  in 
maasuring  flight  fmrformmac9,  it  was 
fait  impoi^tnt  to  allow  tha  aubjacts 
to  choose  thair  own  comfort  level, 
tha  potential  for  impaired 
performance  being  juat  aa  great  if 
tha  subjects  ware  ovar-coolad  aa  if 
they  were  under-cooled. 

Thasa  asaun^ions  ware  made  on  tha 
basis  that  both  cooling  units  would 
perform  as  advertised,  and  clearly 
this  was  not  tha  case.  On  tha  other 
hand,  for  tha  second  half  of  tha 
study,  tha  davalopara  of  tha 
equipment  had  tha  air  cooler  running 
to  tha  beat  performance  they  could 
gat  from  it  (as  confirmed  by  testa  of 
the  unit  on  return  to  thair  facility 
after  tha  conclusion  of  the  study), 
albeit  still  not  up  to  its 
theoretical  maxioiua.  It  was  cooipared 
to  the  liquid  conditioner  in 
identical  usage  conditions,  and  it  is 
concluded  that  the  data  for  the  last 
eight  subjects  at  least  are  valid  for 
comparisons  batwaan  tha  systems. 

Flight  ornrfaTmmnem 

The  affects  on  flight  performance  of 
coding  compared  with  no  cooling  at 
95^  showed  significant  improvement 
for  lass  than  15%  of  parameters 
scored  for  both  systems,  despite 
significant  reduction  in 
physiological  parameters,  including 
rectal  temperature  and  heart  rata. 

At  105°F  without  cooling,  the 
subjects  did  not  survive  long  enough 
to  obtain  any  meaningful  data,  but 
using  the  vent  condition  as  a  basis 
for  comparison,  the  liquid  system 
provided  significantly  better  results 
in  approximately  25%  of  cases.  It 
can  be  inferred  that  the  comparison 
with  no  cooling  at  all,  for  the  short 
time  that  it  can  be  endured,  trould  be 
even  more  significant.  Using  only 
the  data  for  tha  last  eight  subjects 
to  optimize  the  effects  of  the  air 
conditioning  unit,  there  were  no 
significant  differences  in  flight 
perfonnanca  between  the  t«K>  systems 
at  95^,  but  at  lOsV  the  air  system 
produced  significantly  better 
performance  in  20%  of  cases. 

iBITtT*^ 


The  most  striking  demonstration  of 
the  advantages  of  microcliauite 
cooling  to  the  aviator  is  obtained 
from  considering  the  affect  on 
survival  time.  Without  cooling,  the 
mean  survival  tisw  at  95^  was  285 
minutes.  With  cooling,  the  mean  time 
was  in  excess  of  350  minutes  for  both 
systems.  At  105^  without  cooling, 
the  mean  survival  time  was  only  79 
minutes.  Air  cooling  increased  it  to 
333  minutes,  liquid  cooling  to  294 
minutes.  Some  of  the  difference 
between  systems  derives  from  the 
probleaas  two  of  the  subjects  reported 
with  discomfort  from  the  liquid 
cooling  cap  rather  than  differences 
in  cooling  effect. 

Fhvsioloev 

There  was  a  significant  rise  in 
rectal  temperature  in  the  95"r 
uncooled  condition,  with  two  subjects 
reaching  the  physiological  withdrawal 
limit  of  39'’c.  Both  cooling  systems 
provided  adequate  control  of  the 
rectal  temperature,  with  the  liquid 
producing  lower  temperatures  and  a 
more  sustained  cooling  than  the  air. 
The  mean  rectal  temperature  with  the 
air  system  started  to  rise  later  in 
the  test  period.  At  105^  without 
cooling,  there  was  a  dramatic  rise  in 
rectal  temperature,  with  all  but 
three  of  the  subjects  reaching  39°C. 
There  can  be  no  doubt  that  all 
subjects  would  have  become  serious 
heat  stress  casualties  had  they  been 
forced  to  remain  in  the  IPS  at  that 
temperature.  Both  cooling  systems 
produced  big  improvements,  but  the 
air  system  again  resulted  in  an 
increase  in  rectal  temperature  with 
time.  Three  subjects  using  the  air 
system  and  one  using  the  liquid  (all 
in  the  first  half  of  the  study) 
reached  the  physiological  withdrawal 
criteria.  The  vent  mode  produced  a 
moderate  ioiprovemsnt  in  rectal 
temperature.  The  treadmill  exercise 
period  produced  a  small  but 
statistically  insignificant  greater 
rise  in  mean  rectal  temperature  with 
the  liquid  vest  compared  with  the  air 
vest.  With  a  longer  ground  wear 
period  before  flight,  this  might  have 
produced  more  of  a  problem. 

The  mean  heart  rate  also  was  much 
reduced  by  cooling  at  both 
temperatures.  At  95*^,  the  liquid 
systsm  oroduced  the  lower  mean,  but 
at  105^,  the  air  system  had  tha  lower 
value,  though  it  rose  slightly  with 
time  and  tended  to  converge  with  the 
liquid  results. 

A  significant  d^ree  of  dehydration 
occurred  at  95  r  without  cooling.  The 
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tmtm  of  dobydrotloa  «t  9S^ 
rodueod  to  laoo  tban  half  tlia 
uaooolod  roto  by  both  cooliii0 
•yotoM.  Ttao  coto  of  oiiootiiKi  olao 
c<moidorobly  roduood  by  cooling, 
to  •  ollghtly  looaor  oxtont  by  tho 
•ir  oyotMi,  which  drixoa  tho  roto  of 
ovoporotion  to  ochiowo  ita  offoe^. 
Tho  aaount  of  dohydxation  at  lOS^ 
for  all  conditioaa  was  twico  that  at 
95*7  without  cooling.  Much  of  thia 
%faa  duo  to  tho  roluctanco  of  tho 
aubjocta  to  drink  warm  wator.  Tho 
rato  of  awoating  and  dohydration  waa 
rodueod  groatly  by  cooling. 

WfcitrtjLyt  fitiw 

Both  tamporaturoa  producod  a  ataady 
incroaao  in  aubjoctivo  fatiguo  with 
tiao.  Thoro  waa  a  big  improvoaMnt 
cauaod  by  tho  uao  of  cooling,  and 
thoro  tforo  no  aignificant  difforoncoa 
botwoon  tho  ayatama. 

WCMiXflM 

Nhon  roading  tho  concluaiona  of  thia 
atudy,  it  ahould  bo  borno  in  mind 
that  tho  conditiona  vmv  not  viorat 
caao.  Tho  flight  profilo  waa 
undamanding  and  woll-rohoaraod,  with 
no  truo  aaargoncioa  or  unplannod 
doviationa,  and  tho  onvironmontal 
conditiona  aro  not  tho  moat  oxtrama 
that  can  bo  oncountorod. 

Purthormoro,  tho  AOIB  ia  not  in 
aorvieo,  and  tho  curront  KBC  I9B  can 
bo  oxpoctod  to  produco  a  groator  boat 
load. 

1.  Tho  uao  of  microclimato  cooling 
producod  a  largo  incroaao  in  tho  tiina 
aubjocta  Mra  ablo  to  aurvivo  in  NBC 
IPS  in  both  hot  conditiona. 

2.  A  aignificant  improvomont  in 
flight  performanco  waa  obtained  by 
tho  uao  of  microclimate  cooling. 

3.  Thoro  waa  no  ovidenco  of  flight 
performanco  docremont  with  incroaaing 
time  in  tho  onvironinont,  up  to  the  6 
houra  toated. 

4.  Subjocta  experienced  a 
conaidorablo  degree  of  heat  atrain 
without  cooling,  aa  ahown  by  their 
rectal  tamporaturo  and  heart  rate, 
which  waa  provontiKl  compl^oly  at 
95^  and  partially  at  105°F. 

5.  Microclimate  cooling  produced 
big  roductiona  in  tho  rato  of  awoat 
loaa  and  dohydration. 

6.  The  liquid  ayatam  waa  a  little 
bettor  than  tho  air  ayatam  in  ita 
prevention  of  heat  atrain. 


bettor  than  tho  liquid  ayatam  in 
reducing  flight  performance  error. 
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14.  Abstract 

Extreme  temperatures,  both  hot  and  cold,  can  severely  restrict  the  ability  of  aircrew  and  support 
personnel  to  accomplish  their  missions.  Under  emergency  conditions  of  bail-out,  ejection  and 
ditching  of  fixed  or  rotary-wing  aircraft  on  land  or  in  water,  the  survival  rate  of  aircrew  and 
pa.ssenger$  is  also  affected  by  the  intensity  of  thermal  stress  experienced  and  the  duration  of 
exposure  to  the  thermal  stress.  This  has  all  recently  been  borne  out  by  the  experience  of  intense  air 
operations  in  the  Gulf  War. 

This  Symposium  reviewed  the  operational  conditions  experienced  under  extreme  hot  and  cold 
weather. 

The  papers  presented  at  this  Symposium  highlighted  recent  advances  in  thermal  physiology, 
clothing  sciences,  personal  flying  equipment,  and  microclimate  cooling.  Emphasis  was  placed  on 
the  potential  applications  of  these  advances  in  situations  where  thermal  stress,  or  the  expectation 
of  thermal  stress,  may  confound  the  efficient  achievement  of  mission  objectives. 
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NATO  ^  OTAN 

7  RUE  ANCELLE  ■  92200  NEUILLY-SUR-SEINE 

'  DIFFUSION  DES  PUBLICATIONS* 

FRANCE 

AGABD  NON  CLASSIFIES 

TMcopw(l)47  3«.57.99  -  T4ltti6IOI7k 

Aucun  stock  de  puMications  n'a  exisle  a  AGARO.  A  panii  de  1 993.  AGARO  debendra  uo  slock  lumte  dcs  publications  associccs  aus  cycles  de 
cooferences  el  coun  spKiaux  ainsi  i^ue  ks  AGARDc^aphies  el  let  rappons  dcs  groups  de  if  avail,  organises  e<  publics  a  panir  de  1 99  3  inclus. 
Les  (temandes  de  renseignements  dotveni  toe  adressees  a  AG  ARD  par  leitre  ou  par  (ax  a  I'adresse  uidiquM  ci-dessus .  V  cudlezne  pm  lettphontr 
La  (Hflusioa  iniliale  de  routes  les  pubkcatioos  de  TAG  ARDest  effectuee  aupres  des  pays  membres  de  I'OT AN  par  t'ioieimeduire  des  centres 
de  i&lribulioo  natiooaux  indiques  d-dessous.  Des  excmpiaires  supoleinentaires  peuvent  partols  dre  obienus  aupres  de  ces  centres  (a 
I'exception  des  Elats-Unis).  Si  vous  souhaitez  re^voir  loules  les  puoucatioiis  de  I’AGARD.  ou  slmpleiiieoi  cdles  qui  concernent  certains 
Panels,  vous  pouvez  demander  a  toe  Inclu  sur  la  uste  d’envoi  de  I’un  de  ces  cenues.  Les  publications  de  I'AGARD  soni  en  venie  auprn  des 
agences  indiqutos  ci-dessous,  sous  fonne  de  phoiocofMe  ou  de  microikhe. 

CENTRES  DE  DIFFUSION  NATIONAUX 

ALLEMAGNE  ISLANDS 

Fachiidormationszentruin. 

Karlsruhe 

D-75 14  Eggenstein-Leopoldshafen  2 


BELGIQUE 

Coordonnateur  AGARD-VSL 
Elat-Major  de  la  Force  Aerienne 
Quartier  Reine  Elisabeth 
Rue  d’Evere.  1 140  Bruxelles 
CANADA 

Directeur  du  Service  des  Renseignements  Scieniifiques 
Minisiere  de  la  Defense  Nationale 
Ottawa,  Ontario  K 1 A  0K2 
DANEMARK 

Danish  Defence  Research  Establishment 
Ryvangs  AUe  1 
P.O.Box  271 5 
DK-2 1 00  Copenhagen  0 
ESPAGNE 

INTA  ^GARD  Publications) 

Pintor  Rosales  34 
28008  Madrid 
ETATS-UNIS 

National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
M/S  180 

Hampton,  Virginia  2366S 
FRANCE 

O.N.E.R.A.  (Directionj 
29.  Avenue  de  la  Division  Leclerc 
92322  Chtollon  Cedex 
GRECE 

Hellenic  Air  Force 
Air  War  College 
Scientific  and  Technical  Library 
Dekelia  Air  Force  Base 
Dekelia,  Athens  TGA  1010 


Director  of  Aviation 
c/o  Rugyad 
Reykja^ 

ITALIE 

Aeronauiica  Mihtare 

Ufficio  dd  Delegaio  Nazionalc  all'AGARD 
Aeroporto  Pratica  di  Mare 
00040  Pomezia  (Roma) 

LUXEMBOURG 
Foir  Belgique 

NORVEGE 

Norwegian  Defence  Research  Establishment 
Attn;  Biblioteket 
P  O.  Box  25 
N-2007  Kjeller 

PAYS-BAS 

Netherlands  Delegation  to  AGARD 
National  Aerospace  Laboratory  NLR 
P.O.  Box  90502 
1000  BM  Amsterdam 

PORTUGAL 

For^a  Aerea  Ponuguesa 

Centro  de  Documentayao  e  lnforma<;to 

Alfragide 

2700  Amadora 

ROYAUME  UNI 

Defence  Research  Information  Centre 
Kentigem  House 
65  Brown  Street 
Glasgow  G2  8EX 

TURQUIE 

Mill]  Savunma  Baykanhgi  (MS^ 

ARGE  Daire  Baykanligi  (ARGE) 

Ankara 


Le  centre  de  distrlbutioa  national  des  Elats-Unis  (NASA/iamgley)  ne  ddtieni  PAS  de  stocks  dcs  puMkations  de  I'AGARD. 

D'eventuelles  demandes  de  photocopies  doivent  toe  formulees  directement  aupres  du  NASA  Center  for  Aerospace  Information 
(CASl)  a  I’adresse  suivante: 


NASA  Center  for 
Aerospace  Information  (CASI) 
800  Elkridge  Landing  Road 
Linthicum  Heights,  MD  2 1 090-2934 
United  States 


AGENCES  DE  VENTE 

ESA/Information  Retrieval  Service 

European  Space  ^ency 

10,  rue  Mano  Nikis 

75015  Paris 

France 


The  British  Library 
Document  Supply  Division 
Boston  Spa,  Wetherby 
West  Yorkshire  LS23  7BO 
Royaume  Uni 


Les  demandes  de  microfiches  ou  de  photocopies  de  documents  AGARD  (y  compris  les  demandes  faites  aupres  du  C ASI)  doivent  comporter 
la  denomination  AG  APT),  ainsi  que  le  numero  de  serie  d' AGARD  (par  exemple  AGARO- AG-3 1  Des  informations  analogues,  telles  que 
le  titre  et  la  date  de  publication  sont  souhaitaMes.  Veuiller  noter  qu'U  y  a  lieu  de  specifier  AGARO-R-nnn  ei  AGARD-AR-nnn  lors  de  la 
coittmande  des  rapports  AGARD  et  des  rapports  consultatifs  AGARO  respecrivement.  Des  references  bibliographiques  completes  ainsi 
que  des  r^iunes  des  publications  AGARD  ngurent  dans  les  joumaux  suivants: 


Scientifique  and  Technical  Aerospace  R^rts  (STAR) 
public  par  la  NASA  Scientific  and  Technical 
Information  Program 


NASA  Headquarters  (ITT) 
Washington  D  C.  205^ 
Etats-Unis 


Government  Reports  Announcements  and  Index  (GRA&I) 

E'  lie  par  le  National  Technical  Information  Service 
ngfield 
jinia  22161 
Elats-Unis 


(accessible  element  en  mode  interactif  dans  la  base  de 
dofinees  bibliographiques  en  ligne  du  NITS,  et  sur  CD-ROM) 


Imprimi  par  Specialised  Priming  Services  Limited 
40  Chigwell  Lane,  Laughton,  Essex  IG103TZ 
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DiSlimmON  or  UNCLASSfflED 
AGAU>  rtWJCATIONS 


AGAIU>  hoiito  liaiiHd  4Ha«iiiM  a<  te  p«MiealiaM  tiM  acocMMiKt  Ucoin  Scfin  aad  Spaaal  CoMiics  hdd  in  1993  or  iMcf,  aad  of 
ACARDogia^  Md  Woij^  CiXNip  npoilt  pablHlMd  fKMi  1 993 ootMfd.  For  detail,  anile  or  Mad  a  tdciu  lo  Ike  addrcw  1^  above. 


ACARDogia^  aad  Woij^  Group  npoilt  pabkilMd  fraat  1 993 oaaraid.  For  detail,  anue  or  (cad  a  tdeiax  lo  Ike  addrew  livca  above. 
IMf 

AGARO  doaa  km  hold  aiockt  of  pabkcaiinat  tkai  accoiapaaaart  cariier  Lacmtc  Sanaa  or  Counca  or  of  aay  otker  pakkraiitaM  iaiul 
tiatiikaiionafalAGAflDMkkcaaootiaatadatoNATOaadoaaiktaaaAikeNaiiaaaiOiattikiMioaCaiumlMedbaiow.Fiirikcrcopictafc 
KMiittiaaet  avadabic  boat  aicae  eaauaa  (ocapi  in  Ike  Uaiiad  Siaaaa).  If  you  kaw  a  aead  to  laocive  ad  AGARD  pubkeanaaa.  or  jua  ikotc 
rdaiiosiooaaorBM)tctpadficAGARD>aaal^dwyai^rkaailia|Uiaeiodeyou(aryouroi|aaitaaoa)oatkairdiainboiioBliitAGARO 
pubkeuiom  BMy  ba  parckatad  froai  ika  Saiaa  Aptaciat  Kaiad  baton,  ia  phoiocopy  or  aacfoScka  loroL 


BELGIUM 

Coordonoaieur  AGARO  —  VSL 
Etal-Maior  da  la  Forea  Aatieaoa 
Quartier  Raiaa  Elitabalh 
Rue  d’Evere.  1140  Bnuadea 

CANADA 

Ditactor  Sdeodfic  Infotaialioo  Services 
Oepr  of  Nadooal  Defeoce 
Ottawa.  Ontario  K 1 A  0K2 

DENMARK 

Danisk  Defence  Research  Farahtishmem 
RyvaoptAlR  I 
P.O.  Boa  2713 
OK-2IOOCopenhapai0 

FRANCE 

O.N.E.RA.  (Direclioa) 

29  Avenue  de  la  Diviaioa  Lederc 
92322  Chatilion  Cedes 

GERMANY 

Fadunfoiinationszemniin 

Karlsnihe 

0-7314  Eggeosiein-Leopoldsliafen  2 

GREECE 

Hellenic  Air  Force 
Air  War  CoUm 
Scientific  and  Technical  Library 
Oekelia  Air  Force  Base 
OekeUa,  Athens  TGA  1010 

ICELAND 

Director  of  Aviatioa 

c/o^frad 

Reykjavik 


NATIONAL  DISTRIBUTION  CENTRES 

LUXEMBOURG 

SeeBdpHM 


NETHERLANDS 

Nethetiaada  Dekpanon  to  AGARD 
Naboaal  Acrotpoce  Laboratory,  NLR 
RO.  Bos  90302 
1006  BM  Aaaaterdaaa 

NORWAY 

Norwegiaa  Detence  Research  Estabhshineni 
Alto:  Bdskolefcel 
P.O.Bos23 
N-2007  Kjeller 

PORTUGAL 

Forta  Ahtea  Portuguesa 

Ceotro  de  Documoilacao  e  Infonnafao 

Alfrapide 

2700Amadora 

SPAIN 

INTA  lAGARD  Pubkcalioat) 

Pintor  Rosales  34 
28008  Madiid 

TURKEY 

Mdli  Savunma  Batkanlijl  (MSB) 

ARGE  Dure  Baptanhit  (ARGE) 

Ankara 

UNITED  KINGDOM 

Defence  Research  Informatioo  Cenuc 
Kentipern  House 
63  Brown  Street 
GlaipowC2  8EX 

UNITED  STATES 

Nttiooal  Aeronautics  and  Space  Administiaiion  (NASA) 
Laniley  Research  Center 


ITALY  UNITED  STATES 

Aeronautka  Mihtare  Natioaal  Aeronautics  and  Space  Administiaiion  (N> 

Ufficio  dd  Delcgaio  Naskmale  all' AGARD  Research  Center 

Aeroporto  Pratica  di  Mate  M/Slw 

00040  Pomezia  (Roma)  Hampton,  Virginia  23663 

The  Lohed  StaScs  National  Dlstrihutiaa  Centre  (NASA/I  la^ty)  dees  NOT  held  stacks  ef  AGARD  pukkeaHanr. 

AppUcatkins  for  copies  should  be  made  direct  to  the  NASA  Cenkr  for  Aerospace  Informatioo  (CASl)  at  the  address  below. 

SALES  AGENCIES 


NASA  Center  for 
Aerospace  Information  (CASI) 
800  Elkiidge  LandumRoad 
Linthicum  Heights,  MD  21090-2934 
United  States 


ESA/Informaiion  Retrieval  Service 

European  Space  Agency 

10,  rue  Mario  Ndds 

73013  Paris 

France 


The  British  Library 
Document  Stmpiv  Centre 
Boston  Spa,  wethetby 
West  Yorkshire  LS23  7BQ 
United  Kingdom 


Requests  for  microfiches  or  photocopies  of  AGARD  documents  (uiduding  requests  to  CASI)  thouM  include  the  wotd ‘AGARD*  and  the 
AGARD  serial  ntimbm’ (for  example  AGARD-AG-3 1  n  CoBaietal  infbtniaiion  such  as  tide  and  pubkeatian  dale  is  desirable.  Note  th« 
•kGARD  Reports  and  Advuory  Reports  should  be  spedM  as  AGARD-R-tmn  and  AGARD-AR-nna,  respectively .  Fufl  bibliographical 
references  and  abstraett  of  AGARD  pubkearions  are  given  in  the  foBowing  journals: 


Scientific  and  Technical  Aerospace  Reports  (STAR) 
pubksbed  by  NASA  Scientific  and  Technical 

Information  Program  _ 

NASA  Headqumters  (ITT) 

Waabbu^  D.C.  20SM 
United  Stales 


Govetiimeal  Reports  Aimouncements  and  Index  (GRAdt!) 
pubkihed  by  die  Nadonal  Technical  lidonnation  Service 


pubkihedb) 

Springfield 

3Mrainia22t 


virgima  22161 
Unhed  Stales 

folso  available  online  in  the  NTIS  Bibliographic 
Database  or  on  CD-ROM) 


Prinud  by  ^ecialiMd  Printing  ServUxsUmutd 
dOChigwellLane,  Loughlon,  Essex  IGW3TZ 


ISBN  92-835-0721-5 


